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(54) Process for the production of polyolefins 



(57) A process for the production of polyolefins 
which comprises polymerizing or copolymerizing olefins 
in the presence of a catalyst composition which at least 
comprises: 

a catalyst component (I) resulting from mutual con- 
tact of sub-components (A) and (B), 

said sub-component (A) being of the formula 
R 1 >1eV A n and/or R 1 «Me 1 X 1 

p 4-p 2 



al elemental compound belonging to the IV- VI 1 1 
Groups in the Periodic Table and selected spe- 
cifically from the group consisting of oxides, 
halides, carbonates, acetates, alkoxides, 
acetylacetonates, metallocenes, hydrogen 
complexes, alkyl complexes, phosphine com- 
plexes, cyano complexes, pyridyl complexes 
and carbonyl complexes of said transition metal 
elemental compound, or a compound resulting 
from mutual contact of said transition metal el- 
emental compound and a compound (Q) of the 
formula 



< 

CO 

CO 
CD 

O 

yj 



wherein Me 1 is a transition metal of the IVa 
Group in the Periodic Table, R 1 is either of cy- 
clopentadienyl, substituted cyclopentadienyl, 
indenyl, substituted indenyl, fluorenyl and sub- 
stituted fluorenyl groups which may be bonded 
through a C 2 -C 18 hydrocarbon group and/or a 
silylene group, X 1 is a halogen atom, a hydro- 
gen atom or a C 1 -C 24 hydrocarbon group, p is 
an intergerof 1<p<4, and X 1 ' is a C^-C 2 o alkyli- 
dene group, and 

said sub-component (B) being a modified orga- 
noaluminum compound having AI-a-AI bonds; 
and 

a catalyst component (II) selected from the group 
of sub-components (C) and (E). 

said sub-component (C) being a transition met- 



wherein R' and R" each are a Cj -C 24 hydrocar- 
bon group, X' is a halogen or hydrogen atom, 
Me' is an element of the l-lll Groups in the Pe- 
riodic Table, z is a valence of Me', m and n are 
0<m<z and 0<n<z, respectively and 0<m+n<z; 
and 

said sub-component (E) being a transition met- 
al of the IV-Vlll Groups in the Periodic Table. 

Either of the catalyst components (I) and (II) is 
contacted, during or after the preparation thereof, 
with an inorganic compound carrier and/or a partic- 
ulate polymer carrier. The disclosed catalysts find 
application particularly in the production of polyole- 
fins having enhanced molecular weights and a rel- 
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atively wide molecular weight distribution and olefin distribution at increased rate of yield, 

copolymers having a relatively narrow composition 
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Description 

This invention relates to a process for the production of polyolefins, more particularly to such a process which is 
capable of providing polymers with increased molecular weights. 
5 Enhancement of the polymer molecular weight in the manufacture of polyolefins, particularly ethylene polymers 

or ethylene/a-olefin copolymers, is an important factor leading to the availability of broadened and versatile product 
grades. It has been a conventional method to enhance the polymer molecular weight by carrying out the polymerization 
reaction totally without or with the use of reduced amounts of a chain transfer agent such as hydrogen, or by controlling 
the polymerization temperature or pressure. 
10 Whereas the present invention provides a polymerization process, quite distinct from the conventional counterpart, 

for affording a polymer with enhanced molecular weight. 

According to one aspect of the invention, there is provided a process for the production of polyolefins which com- 
prises polymerizing or copolymerizing olefins in the presence at least of: 

'5 a catalyst component (I) resulting from mutual contact of sub-components (A) and (B), 

said sub-component (A) being of the formula 

20 RlpMeV^p and/or R 1 2 Me 1 X r 

wherein Me 1 is a transition metal of the IVa Group in the Periodic Table, R 1 is either of cyclopentadienyl, 
substituted cyclopentadienyl, indenyl, substituted indenyl, fluorenyl and substituted fluorenyl groups which 
may be bonded through a C 2 -C 18 hydrocarbon group and/or a silylene group, X 1 is a halogen atom, a hydrogen 
2S atom or a CyC 2A hydrocarbon group, p is an intcrger of 1<p<4, and X 1 ' is a C^Cgo alkylidcnc group, and 

said sub-component (B) being a modified organoaluminum compound having AI-O-AI bonds; and 

a catalyst component (II) selected from the group of sub-components (C) and (E), 

30 said sub-component (C) being a transition metal elemental compound belonging to the IV- VI II Groups in the 

Periodic Table and selected specifically from the group consisting of oxides, halides, carbonates, acetates, 
alkoxides, acetylacetonates. metallocenes. hydrogen complexes, alkyl complexes, phosphine complexes, cy- 
ano complexes, pyridyl complexes and carbonyl complexes of said transition metal elemental compound, or 
a compound resulting from mutual contact of said transition metal elemental compound and a compound (D) 

35 of the formula 

•to wherein R' and R" each are a C A -C 24 hydrocarbon group, X' is a halogen or hydrogen atom, Me' is an element 

of the l-lll Groups in the Periodic Table, z is a valence of Me', m and n are 0<m<z and 0<n<z, respectively and 
0<m+n<z; and 

said sub-component (E) being a transition metal of the IV- VII I Groups in the Periodic Table. 

-*5 According to another aspect of the invention, there is provided a process for the production of polyolefins which 

comprises polymerizing or copolymerizing olefins in the presence of a catalyst composition which comprises contacting 
an inorganic compound carrier and/or a particulate polymer carrier with at least either one of said catalyst components 
(I) and (II) during or after the preparation thereof. 

The present invention seeks to provide a process for the production of polyolefins having increased molecular 

so weights and a relatively wide molecular weight distribution and also a high yield of olefinic polymers or copolymers 
having a relatively narrow composition distribution. The invention further seeks to provide polyolefins having a satis- 
factory granular quality. 

According to the process of the invention, it is made possible to increase and control the molecular weight of 
polyolefins by means distinct from and advantageous over the prior art. 
55 The invention will be described below in full detail. 

The inventive process is directed to the production of polyolefins in which olefins are polymerized or copolymerized 
in the presence of polymerization catalysts (I) and (II). 

The various components of the catalyst composition according to the invention are identified as follows: 
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Component (A) ... a compound of the formula R^Me'XVp and/or R^MeW 

Component (B) ... a modified organoaluminum compound having AI-O-AI bonds 

Component (C) ... a transition metal elemental compound of the Groups IV-VIJI in the Periodic Table 

Component (D) ... a compound of the formula Me'R , m (OR* , ) n X , z . m . n 

5 Component (E) ... a transition metal of the Groups IV-VIII in the Periodic Table 

Component (F) ... an inorganic compound carrier and/or a particulate polymer carrier 

Catalyst (I) 

10 The catalyst (I) of the invention is made available from mutual contact at least between a compound of the formula 

R 1 p Me 1 X 1 4 _ p and/or R 1 2 Me 1 X 1 ' (hereinafter referred to as Component (A)) and an AI-O-AI bond-containing modified 
organoaluminum compound (hereinafter referred to as Component (B)). 
The Component (A) is a compound of the formula 



R^Me 1 X 1 4 . p and/or R^Me 1 X 1 ' 



wherein Me 1 is a transition metal of the IVa Group in the Periodic Table, R 1 is either of cyclopentadienyl, substituted 
cyclopentadienyl, indenyl, substituted indenyl, fluorenyl and substituted fluorenyl groups which may be bonded through 

20 a C 2 -C 18 hydrocarbon group and/or a siiylene group, X 1 is a halogen atom, a hydrogen atom or a C r C 24 hydrocarbon 
group, p is an interger of 1<p<4, and X 1 * is a C r C 20 alkylidene group. The substituting group is a C r C l8 hydrocarbon 
group including alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyi and octyl groups, or 
a C^C^, preferably a C 1 -C 12 hydrocarbon group including alkenyl groups such as vinyl and ally I groups, aryl groups 
such as phenyl, tolyl and xylyl groups and aralkyl groups such as benzyl, phenethyl, styryl and neophyl. 

25 R 1 in the above formula may be bonded together via a C 2 -C 18 hydrocarbon group and/or a sylylene group, in which 

instance R 1 may be divalent with one hydrogen atom in R 1 being a free valence. The C 2 -C 18 hydrocarbon groups 
include an alkylene group such as methylene, ethylene and isopropylene; an alkylene group having aryl-substituted 
group such as diphenylmethylene, methylphenylmethylene and ditolylmethylene; an alkylene group having alkenyl- 
substituted group such as divinylethylene and diallylmethylene; an alkylene group having aralkyl-substituted group 

30 such as benzyl group, phenethyl group, styryl group and neophyl group and an alkylidene group such as methylidene, 
ethylidene, propylidene and isopropylidene. The sylylene groups include an alkyl-substituted group such as dimethyl- 
silyleneanddiethylsilylene; an aryl-substituted group such as diphenylsilyfene, methylphenylsilylene andditolyisilylene; 
an alkenyl-substituted group such as divinylsilylene and diallylsilylene; and an aralkyl-substituted group such as benzyl 
group, phenethyl group, styryl group and neophyl group. 

35 Me 1 is a IVa Group metal such as zirconium, hafnium and titanium, of which zirconium is preferred. X 1 is an alkyl 

group such as methyl group, ethyl group, propyl group, isopropyl group, butyl group, t-butyl group, cyclobutyl group, 
isopentyl group, pentyl group, neopentyl group, cyclopentyl group, isohexyl group, cyclohexyl group, hexyl group and 
octyl group; an alkenyl group such as vinyl group and allyl group; an alkoxy group such as methoxy group, ethoxy 
group, propoxy group and butoxy group; an aryl group such as phenyl group, tolyl group, xylyl group andmesityl group; 

40 an aryloxy group such as phenoxy group and tolyloxy group and an aralkyl group such as benzyl group, phenethyl 
group, styryl group, benzhydryl group, trityl group, phenylbutyl group, phenylpropyl group and neophyl group. X 1 ' is a 
C r C 20 alkylidene group including methylidyne, ethylidene and propylidyne. p is conforming to 1<p<4. If 1<p<2, X 1 may 
be the same or different. 

Specific examples of the R'pMe'X 1 ^ and/or R 1 2 Me'X r compounds include cyclopentadienyltrimethyltitanium, 
45 cyclopentadienyltriethyltitanium, cyclopentadienyltripropyltitanium : cyclopentadienyltributyltitanium, methylcyciopen- 
tadienyftrimethyltitanium, 1 ,2-dimethylcyclopentadienyltrimethyltitanium, i ,2,4-trimethylcyclopentadienyltri- 
methyltitanium, 1 ,2,3,4-tetramethylcyclopentadienyftrimethyttitanium, pentamethylcyclopentadienyltrimethyltitanium, 
pentamelhylcyclopentadienyltriethyltitanium, pentamethylcyclopentadienyltripropyltitanium, penlamethylcyclopenta- 
dienyltributyltilantum, cyclopentadienylmethyltitaniumdichlocide, cyclopentadienylethyltitaniumdichloride, 

so pentamethylcyclopentadieny Imethyltitaniumdichloride, pentamethylcyclopentadienylethyltitan iumdichloride, cy- 
clopentadienyldimethylti±aniumaonochloride, cyclopentadienyldiethyltitaniummonochloride, cyclopentadienyltitani- 
umtrimethoxide, cyclopentadienyltitaniumtriethoxide, cyclopentadienyltitaniumtripropoxide, cyclopentadienyltitanium- 
triphenoxide, pentamethylcyclopentadiGnyltitaniumtrimethoxide, pentamethylcyclopentadienyltitaniumtriethoxide. 
pentamethylcyclopentadienyltitaniumtripropoxide, pentamethylcyclopentadienyltitaniumtributoxide, pentamethyl- 
ss cyclopentadienyltitaniumtriphenoxide, cyclopentadienyltitaniumtrichloride, pentamethylcyclopentadienylti- 

taniumtrichloride, cyclopentadienylmethoxytitaniumdichloride, cyclopentadienyldimethoxytitaniumchloride, 
pentamethylcyclopentadienylmethoxytitaniumdichloride, cyclopentadienyltribenzyttitanium. pentamethylcyclopentadi- 
enylmethytdiethoxytitanium, indenyttitaniumtrichloride, indenyltitaniumtrimethoxide, indenyltitaniumtriethoxide, inde- 
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nyltrimethyltitanium, indenyltribenzyltitanium, cyclopentadienyltrimethylzirconium. cyclopentadienyltriethylzirconium, 
cyclopentadienyltripropylzirconium, cyclopentadienyltributylzirc<x>ium, methylcyclopentadienyltrimethylzirconium, 
1 ,2-dimethylcyclopentadienyltrimethylzirconium, 1 ,2,4-trimethyIcydopentadienyltrimethylzirconium, 1 ,2.3,4-tetrame- 
thylcyclopentadienyltrimethylzirconium, pentamethylcyclopentadienyltrimethylzirconium, pentamethylcyclopentadi- 
5 enyltriethylzirconium, pentamethylcyclopentadienyltripropylzirconium, pentamethylcyclopentadienyltributylzirconium, 
cyclopentadienylmethylzirconiumdichloride, cyclopentadienylethylzirconiumdichloride, pentamethylcyclopentadienyl- 
methylzirconiumdichloride : pentamethylcyclopentadienylethylzirconiumdichloride, cyclopentadienyldimethylzirco- 
niummonochloride, cyclopentadienyldiethylzirconiummonochloride, cyclopentadienylzirconiumtrimethoxide, 
cyclopentadienylzirconiumtriethoxide, cyclopentadienylzirconiumtripropoxide, cyclopentadienylzirconiumt- 

10 riphenoxide, pentamethylcyclopentadienylzirconiumtrimethoxide, pentametnyicyclopentadienylzirconiumtriethoxide, 
pentamethylcyclopentadienylzirconiumtripropoxide, pentamethylcyclopentadienylzirconiumtributoxide, pentamethyl- 
cyclopentadienylzirconiumtriphenoxide, cyclopentadienylzirconiumtrichloride, pentamethylcyclopentadi- 

enylzirconiumtrichloride, cyclopentadienylmethoxyzirconiumdichloride, cyciopentadienytdimethoxyzirconiumchloride, 
pentamethylcyclopentadienylmethoxyzirconiundichloride, cyclopentadienyltribenzylzirconium, pentamethylcyclopen- 

15 tadienylmethyldiethoxyzirconium, indenylzirconiumtrichloride, indenylzirconiumtrimethoxide, indenylzirconiumtri- 
ethoxide, indenyltrimethylzirconium, indenyltribenzylzirconium, cyclopentadienyltrimethylhafnium, cyclopentadienyltri- 
ethylhafnium, cyclopentadienyltripropylhafnium, cyciopentadienyltributylhafnium : methylcyclopentadienyltrime- 
thylhafnium, 1 ,2-dimethylcyclopentadienyltrimethylhafnium, 1 ,2,4-trimethylcyclopentadienyltrimethylhafnium, 
1,2,3,4-tetramethylcyclopentadienyllrimethylhafnium, pentamethylcyclopentadienyltrimethylhafnium, pentamethylcy- 

20 clopenladienyllrielhylhafnium. pentamethylcyclopentadienyllripropylhafnium, penlamethylcyclopenladienyl- 
tributylhafnium, cyclopentadienylmethylhafniumdichloride, cyclopentadienylethylhafniumdichloride, pentamethyl- 
cyclopentadienylmethylhafniumdichloride, pentamethylcyclopentadienylethylhafniumdichloride, cyclopentadienyld- 
imethylhafniummonochloride, cyclopentadienyldiethylhafniummonochloride, cyclopentadienylhafniumtrimethoxide, 
cyclopentadienylhafniumtriethoxide, cyclopentadienylhafniumtripropoxide, cyclopentadienylhafniumtriphenoxide. 

25 pcntamcthylcyclopcntadicnylhafniumtrimethoxidG, pcntamethylcyclopentadionylhafniumtriethoxidc, pentamcthylcy- 
clopentadienylhafniumtripropoxide, pentamethylcyclopentadienylhafniumtributoxide, pentamethylcyciopentadienyl- 
hafniumtriphenoxide, pentamethylcyclopentadienylhafniumtrichloride, cyclopentadienylhafniumtrichloride, 

pentamethylcyclopentadienylhafniumtrichioride, cyclopentadienylmethoxyhafniumdichloride, cyclopentadienyldimeth- 
oxyhafniumchloride. pentamethylcyclopentadienylmethoxyhafniumdichloride, cyclopentadienyltribenzylhafnium, 

30 pentamethylcyclopentadienylmethyidiethoxyhafnium, indenylhafniumtrichloride, tndenylhafniumtrimethoxide, indenyl- 
hafniumtriethoxide, indenyltrimethylhafnium, indenyltribenzylhafnium. bis(cyciopentadienyl)dichlorotitanium. bis(cy- 
clopentadienyl)methylchlorotitanjum, bis(cyclopentadienyl)dimethyltitanium, bis(cyclopentadienyl)ethoxychlorotitani- 
um, bis(cyclopentadienyl)propoxychlorotitanium, bis(cyclopentadienyl)phenoxychlorotitanium, bis(cyclopentadienyl) 
propylchlorotitanium, bis(cyclopentadienyl)diphenyltitanium, bis(cyclopentadienyl)ditolyltitanium, bis(cyclopentadi- 

35 enyl)titaniumdibenzyl, bisfcyclopentadienyOtitaniummonochloromonohydride, bis(methylcyclopentadienyl)dimethylti- 
tanium, tetracyciopentadienyltitanium, bis(indenyl)dichlorotitanium, bis(indenyl)dimethyltitanium, ethylenebis(indenyl) 
titaniumdichloride, ethylenebis(tetrahydroindenyl)titaniumdtmethyl, tetraneopentyltitanium, tetraneophyltitanium, 
tetrabenzyltitanium, bis(cyclopentadienyl)dichlorozirconium, bis(cyclopentadienyl)methylchiorozirconium, bis(cy- 
clopentadienyl)dimethylzirconium, bis(indenyl)dimethylzirconium, bis(indenyl)dichlorozirconium, ethylenebis(indenyl) 

JO dichlorozirconium, ethylenebis(tetrahydrojndenyl)dichlorozirconium, bis(methylcyclopentadienyl)dimethylzirconium, 
bis(cyclopentadienyl)zirconiummonochloromonohydride, bis(cyclopentadienyl)zirconiumdibenzyl, tetracyclopentadi- 
enylzirconium, tetrabenzylzirconium, bis(cyclopentadienyl)ethoxychlorozirconium. bis(cyclopentadienyl)propoxychlo- 
rozirconium, bis(cyclopentadienyl)phenoxychlorozirconium, bis(cyclopentadienyl)propylchlorozirconium, bis(cy- 
c!opentadienyl)diphenylzirconium, bis(cyclopentadienyl)ditolylzirconium, bis(cyclopentadienyl)monomethylmonohy- 

^5 dridezircanium, bis(cyc!opentadienyl)monoethylmonochloridezirconium, bis(cyclopentadienyl)monophenylmoncx:hlo- 
ridezirconium, tetraneopentylzirconium, tetraneophylzirconium, bisindenylzirconiumdiphenyl, bisindenylzirconium- 
dibenzyl, bisfluorenylzirconiurndiphenyl, bisfluorenyizirconiumdibenzyl, bispentamethylcyclopentadi- 
enylzirconiumdimelhyl, bispentamethylcyclopenladienylzirconiumdiphenyl, bispenlamelhylcyclopentadi- 

enylzirconiundichloride, bispentamethylcyclopentadienylzirconiumdibenzyl, bis(cyclopentadienyl)dimethylhafnium, 

50 bis(cyclopentadienyl)dichlorohafnium, bis(cyclopentadienyl)methylchlorohafnium, bis(cyclopentadienyl)ethylchloro- 
hafnium, bis(cyclopentadienyl)propylchlorohafnium, bis(cyclopenladienyl)phenylchlorohafnium, bis(cyclopentadienyl) 
diphenylhafnium, bis(cyclopentadienyl)ditolylhafnium, bis(cyclopentadienyl)monochloromonohydridehafnium, bis(cy- 
clopentadicnyl)monomethylmonohydridehafnium, bis(cyclopentadienyl)dibenzylhafnium, ethylenebis(indenyl)dichlo- 
rohafnium, ethylenebis(tetrahydroindenyl)dichlorohafnium, . tetraneopentylhafnium, tetraneophylhafnium, silyl- 

55 enebiscyclopentadienyltitaniumdichloride, silylenebiscyciopentadienyltitaniumdimethyl, silylenebiscyclopentadienylti- 
taniumdiethyl, silylenebiscyclopentadienyllitaniumdiphenyl, silylenebismethylcyclopentadienyltitaniumdichloride, 
silylenebismethylcyclopentadienyltitaniumdimethyl, silylenebismethylcyclopentadienyltitaniumdiethyl, silylenebisme- 
thylcyclopentadienyltitaniumdiphenyl, dimethyltsilylenebiscyclopentadienyltitaniumdichloride, dimethylsilylenebiscy- 
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clopentadienyltitaniumdibromide, dimethylsilylenebiscyclopentadienyltitaniumdimethyl, dimethylsilylenebiscyclopen- 
tadienyltitaniumdiethyl, dimethylsilylenebiscyclopentadienyltitaniumdiphenyl, dimethylsilylenebismethylcyclopentadi- 
enyltitaniumdichloride, dimethylsilylenebismethylcyclopentadienyltitaniumdibromide, dimethylsilylenebismethylcy- 
clopentadienyltitaniumdimethyl, dimethylsilylenebismethylcyclopentadienyltitaniumdiethyl. dimethylsilylenebismethyl- 
5 cyclopentadienyltitaniumdiphenyl, phenylmethylsilylenebiscyclopentadienyltitaniumdichloride, phenylmethylsilyleneb- 
iscyclopentadienyltitaniumdibromide, phenylmethylsilylenebiscyclopentadienyltitaniumdimethyl, phenylmethyl- 
silylenebiscyclopentadienyltitaniumdiethyl, phenylmethylsilylenebiscyclopentadienyltitaniumdiphenyl, phenylmethyls- 
ilylenebismethylcyclopentadienyltitaniumdichloride, phenylmethylsilyienebisrnethylcyclopentadienyltitaniumdbro- 
mide, phenylmethylsilylenebismethylcyclopentadienyltitaniumdimethyl, phenylmethylsilylenebismethylcyclopentadi- 
io enyltitaniumdiethyl, phenylmethylsilylenebismethylcyclopentadienyltitaniumdiphenyl, diphenylsilylenebiscyclopenta- 
dienyltitaniumdichloride, diphenylsilylenebiscyclopentadienyltitaniumdibromide, diphenylsilylenebiscyclopentadienyl- 
titaniumdimethyl, diphenylsilylenebiscyclopentadienyltitaniumdiethyl, diphenylsilylenebiscyclopentadienyltitanium- 
diphenyl, diphenylsilylenebismethylcyclopentadienyltitaniumdichloride, diphenylsilylenebismethylcyclopentadienyti- 
taniumdibromide, diphenylsilylenebismethylcyclopentadienyltitaniumdimethyl, diphenylsilylenebismethylcy- 
clopentadienyltitaniumdiethyl, diphenylsilylenebismethylcyclopentadienyltitaniumdiphenyl, disilylenebiscyclopentadi- 
enyltitaniumdichloride, disilylenebiscyclopentadienyltitaniumdibromide, disilylenebiscyclopentadienyl- 

titaniumdirnethyl, disilylenebiscyclopentadienyltitaniumdiethyl, disilylenebiscyclopentadienyltitaniumdiphenyl, 
disilylenebismethylcyclopentadienyltitaniumdichloride, disilylenebismethylcyclopentadienyltitaniumdibromide, disil- 
ylenebismethylcyclopentadienyltitaniumdimethyl, disilylenebismethylcyclopentadienyltitaniumdiethyl, disilyl- 
enebfsmelhylcyclopentadienyllilaniunndipheny!, teLramethylsilylenebiscycfopenladienyllitaniumdichloride, lelramelh- 
ylsilylenebiscyclopentadienyltitaniumdibromide, tetramethylsilylenebiscyclopentadienyltitaniumdimethyl, tetramethyl- 
silylenebiscyclopentadienyltitaniumdiethyl, tetramethylsilylenebiscyclopentadienyltitaniumdiphenyl, tetrarnethylsi- 
lylenebismethylcyclopentadienyltitaniumdichloride, tetramethylsilylenebismethylcyclopentadienyltitaniumdibromide, 
tetramethylsilylenebismethylcyclopentadienyltitaniumdimethyl, tetramethylsilylenebismethylcyciopentadienyltitanium- 
2S diethyl, tctramethylsilylencbismcthylcyclopentadicnyrtitaniumdiphenyl, silylenebiscyclopentadienylzirconiumdichlo- 
ride, silylenebiscyclopentadienylzirconiumdibromide, silylenebiscyclopentadienylzirconiumdimethyl, silyienebiscy- 
clopentadienylzirconiumdiethyl, silylenebiscyclopentadienylzirconiumdiphenyl, silylenebismethylcyclopentadienylzir- 
coniumdichloride. silylenebismethylcyclopentadienylzirconiumdibromide, silylenebismethylcyclopentadienylzirconi- 
umdimethyl. silylenebismethylcyclopentadienylzirconiumdiethyl, silylenebismethylcyclopentadienyizirconiumdiphenyl, 
30 dimethylsilylenebiscyclopentadienylzirconiumdtchloride. dimethylsilylenebiscyclopentadienylzirconiumdibromide, di- 
methylsilylenebiscyclopentadienylzirconiumdimethyl, dimethylsilylenebiscyclopentadienylzirconiumdielhyl, dimethyl- 
silylenebiscyclopentadienylzirconiumdiphenyl, dimethylsilylenebismethylcyclopentadienylzirconiumdichloride, 
dimethylsilylenebismethylcyclopentadienylzirconiumdibromide, dimethylsilylenebismethylcyclopentadienylzirconi- 
umdimethyl, dimethylsilylenebismethylcyclopentadienylzirconiumdiethyl, dimethylsilylenebismethylcyclopentadi- 
35 enylzirconiumdiphenyl. phenylmethylsilyleneblscyclopentadienylzirconiumdichloride, phenylmethylsiiylenebiscy- 
clopentadienylzirconiumdibromide, phenylmethylsilylenebiscyclopentadienylzirconiumdimethyl, phenyimethylsi- 
lylenebiscyclopentadienylzirconiumdiethyl, phenylmethylsilylenebiscyclopentadienylzirconiumdiphenyl. phenylmeth- 
ylsilylenebismethylcyclopentadienylzirconiumdichloride, phenylmethylsilyienebismethylcyclopentadienylzirconium- 
dibromide, phenylmethylsilylenebismethylcyclopentadienylzirconiumdimethyl, phenylmethylsilylenebismethyl- 
JO cyclopentadienylzirconiumdiethyl, phenylmethylsilylenebismethylcyclopentadienylzirconiumdiphenyl, diphenylsilyl- 
enebiscyclopentadienylzirconiumdichloride, diphenylsilylenebiscyclopentadienylzirconiumdibromide, diphenylsily- 
lenebiscyclopentadienylzirconiumdimethyl, diphenylsilylenebiscyclopentadienylzirconiumdiethyl, diphenylsilylene- 
biscyclopentadienylzirconiumdiphenyl, diphenylsilylenebismethylcyclopentadienylzirconiumdichloride, diphenylsi- 
lylenebismethylcyclopentadienylzirconiumdibromide, dtphenylsilylenebismethylcyclopentadienylzirconiumdimethyl, 
45 diphenylsilylenebismethylcyclopentadienylzirconiumdiethyi, diphenylsilylenebtsmethylcyclopentadienylzirconium- 
diphenyl, disilylenebiscyclopentadienylzirconiumdichloride, disilylenebiscyclopentadienylzirconiumdibromide, 
distlylenebiscyclopentadienylzirconiumdimethyl, disilylenebiscyclopentadienylzirconiumdiethyl, disilylenebiscyclopen- 
tadienylzircontumdiphenyl, disilylenebismethylcyciopentadienylzirconiumdichloride, disilylenebismethylcyclopenta- 
dienylzirconiumdibromide, disilylenebismethylcyclopentadienylzirconiumdimethyl, disilylenebismethyfcyclopenta- 
so dienylzirconiumdiethyl, disilylenebismethylcyclopentadienylzirconiumdiphenyl, tetramethylsiiylenebiscy- 

clopentadienylzirconiumdichloride. tetramethylsiiylenebiscyclopentadienylzirconiumdibromide, tetramethylsilylenebi- 
scyclopentadienylzirconiumdimethyl, tetramethylsilylenebiscyclopentadienylzirconiumdiethyl, tetramethylstlylenebi- 
scyclopentadienylzirconiumdiphcnyl, tetramcthylsilylenebismethylcyclopentadienylzirconiumdichloride, tetrarnethylsi- 
lylenebismethylcyclopentadienylzirconiumdibromide, tetrarnGthylsilylenebismethylcyclopentadienylzirconiumdime- 
55 thyl, tetramethylsilylenebismethylcyctopentadienylzirconiumdiethyl, tetramethylsilylenebismethylcyclopentadienylzir- 
coniumdiphenyl, silylenebiscyclopentadienylhafniumdichloride : silylenebiscyclopentadienylhafniumdibromide, 
silylenebiscyclopentadienylhafniumdimethyl, silylenebiscyclopentadienylhafniumdiethyl. silylenebiscyclopentadienyl- 
hafniumdiphenyl, silylenebismethylcyclopentadienylhafniumdichloride, silylenebismethylcyclopentadi- 
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enylhafniumdibromide, silylenebismethylcyclopentadienylhafniumdimethyl, silylenebismethylcyclopentadienylhafni- 
umdiethyl, silylenebismethylcyclopentadienylhafniumdiphenyl, dimethylsilylenebiscyclopentadienylhafniurndichloride, 
dimethylsilylenebiscyclopentadienylhafniumdibromide. dimethylsilylenebiscyclopentadieriylhafniumdimethyl. 
dimethylsilylenebiscyclopentadienylhafniumdiethyl. dimethylsilylenebiscyclopentadienylhafniumdiphenyl, dimethylsi- 
lylenebismethylcyclopentadienylhafniumdichloride, dimethylsilylenebismethylcyclopentadienylhafniumdibromide, 
dimethylsilylenebismethylcyclopentadienylhafniumdimethyl, dimethylsilylenebismethylcyclopentadienylhafniumdi- 
ethyl, dimethylsilylenebismethylcyclopentadienylhafniumdiphenyl, phenylmethylsilylenebiscyclopentadienylhafnium- 
dichloride, phenylmethylsilylenebiscyclopentadienylhafniumdibromide, phenylmethylsilylenebiscy- 

clopentadienylhafniumdimethyl, phenylmethylsilylenebiscyclopentadienylhafniumdiethyi, phenylmethylsilylenebiscy- 
clopentadienylhafniumdiphenyl, phenylmethylsilylenebismethyicyclopentadienylhafniumdichioride, phenylmethylsi- 
lylenebismethylcyclopentadienylhafniumdibromide, phenylmethylsilylenebismethylcyclopentadienylhafniumdimethyl. 
phenylmethylsilylenebismethylcyclopentadienylhafniumdiethyl, phenylmethylsilylenebismethylcyclopentadienylhaf- 
niumdiphenyl, diphenylsilylenebiscyclopentadienylhafniumdichloride, diphenylsilylenebiscyclopentadienylhafniumdi- 
bromide, diphenylsilylenebiscyclopentadienylhafniumdimethyl, diphenylsilylenebiscyclopentadienylhafniumdiethyl, 
diphenylsilylenebiscyclopentadienylhafniumdiphenyl, diphenylsilylenebismethylcyclopentadienylhafniumdichloride, 
diphenylsilylenebismethylcyclopentadienylhalniumdibromide, diphenylsilylenebismethylcyclopentadienylhafnium- 
dimethyl, -diphenylsilylenebismethylcyclopentadienylhafniumdiethyl, diphenylsilylenebismethylcyclopentadienylhaf- 
niumdiphenyl, disilylenebiscyclopeniadienylhafniumdichloride, disilylenebiscyclopentadienylhafniumdibromide, 
disilylenebiscyclopentadienylhafniumdimethyl, disilylenebiscyclopentadienylhafniumdiethyl, disilylenebiscyclopenta- 
dienyrhafniumdiphenyl, disilylenebismelhylcyclopenladienylhafniumdichloride : disilylenebismethylcyclopenta- 
dienylhafniumdibromide, disilylenebismethylcyclopentadienylhafniumdimethyl, disilylenebismethylcyclopentadienyl- 
hafniumdiethyl disilylenebismethylcyclopentadienylhafniumdiphenyl, tetramethylsilylenebiscyclopentadienylhafnium- 
dichloride, tetramethylsilylenebiscyclopentadienylhafniumdibromide, tetramethylsilylenebiscy- 

clopentadienylhafniumdimethyl, tetramethylsilylenebiscyclopentadienylhafniumdiethyl, tetramethylsilylenebiscy- 
clopcntadicnylhafniumdiphcnyl, tctramcthylsilylcncbismcthylcyclopcntadicnylhafniumdichloridc, tetramcthylsi- 
lylenebismethylcyclopentadienylhafniumdibromide, tetramethytsilylenebismethylcyclopentadienylhafniumdimethyl, te- 
tramethylsilylenebismethylcyclopentadienylhafniumdiethyl, tetramethylsilylenebismethylcyclopentadienylhafnium- 
diphenyl, isopropylidenebiscyclopentadienyltitaniumdichloride, isopropylidenebiscyclopentadienyltitaniumdimethyl. 
isopropylidenebiscyclopentadienyltitaniumdiphenyl, isopropylidenebiscyclopentadienyttitaniumdibenzyl. isopropyli- 
denebiscyclopenladienyititaniumdihydride, isopropylidenebiscyclopentadienyltitaniumhydridechloride, isopropyli- 
denebiscyclopentadienylzirconiumdichloride, isopropylidenebiscyclopentadienylzirconiumdibromlde. isopropylidene- 
biscyclopentadienylzirconiumdimethyl, isopropylidenebiscyclopentadienyizirconiurndiphenyL isopropylidenebiscy- 
clopentadienylzirconiumdibenzyl, isopropylidenebiscyclopentadienylzirconiumdineophyl, isopropylidenebiscyclopen- 
tadienylzirconiumditolyl, isopropylidenebiscyclopentadienylzirconiumdihydride, isopropylidenebiscyclopentadi- 
enylzirconiumhydridemethyl, isopropylidenebiscyclopentadienylzirconiumhydridechloride, isopropylidenebiscyclopen- 
tadienylzicconiumhydridebenzyl, isopropylidenebiscyclopentadienylhafniumdichioride, isopropylidenebiscyclopentad- 
ienylhafniumdimethyl, isopropylidenebiscyclopentadienylhafniumdibenzyl, isopropylidenebiscyclopentadi- 
enylhafniumdihydride, isopropylidenebiscyclopentadienylhafniumhydridechloride, diphenylrnethylene(cycIopentadi- 
enyl)indenyltitaniumdichloride, diphenylmethylene(cyclcpentadienyl)fluorenyltitaniumdichloride, diphenylmethylene 
(indenyl)fluorenyltitaniumdichlorlde, isopropylidene(cyclopentadienyl)indenyItitaniumdichloride, isopropyiidene(cy- 
clopentadienyi)fluorenyltitaniumdichloride. isopropylidene(indenyl)fluorenyltitaniumdichloride, ethylene(cyclopentadi- 
enyl)indenyltitaniumdichloride, ethylene(cyclopentadienyl)fluorenyltitaniumdichloride, dimethylsilylene(cyclopentadi- 
enyl)indenyltitaniumdichloride, dimethylsilylene(cyclopentadienyl)fluorenyltitaniumdichtoride, dimethylsilylene(inde- 
nyl)fluorenyltitaniumdichloride, diphenylsi!ylene(cyclopentadienyl)indenyltitaniumdichloride, diphenylsilylene(cy- 
clopentadienyl)fluorenyltitaniumdichloride. diphenylsilylene(indenyl)fluorenyltitaniumdichloride, diphenylmethylene 
(cyclopentadienyl)indenyltitaniumdimethyl, diphenylmethylene(cyclopentadienyl)fluorenyltitaniumdimethyl, diphenyl- 
methylene(indenyl)fluorenyltitaniumdimethyl, isopropylidene(cyclopentadienyl)indenyltitaniumdimethyl, isopropyli- 
dene(cyclopenladienyl)fluorenyltilcdniumdimelhyl, isopropylidene(indenyl)fluorenyllitaniumdimelhyl l ethylene(cy- 
clopentadienyl)indenyltitaniumdimethyl, ethylene(cyclopentadienyl)fluorenyltitaniumdimethyl, dimethylsilylene(cy- 
clopentadienyl)indeny!titaniumdimethyl, dimethylsilylene(cyclopentadienyl)fluorenyltitaniumdimethyl : dimethylsilylene 
(indenyl)fluorenyltitaniumdimethyl, diphenylsilylene(cyclopentadienyl)indenyltitaniumdimethyl, diphenylsilylene(cy- 
clopentadienyl)fluorenyltitaniumdimethyl, diphenylsilylene(indenyl)fluorenyltitaniumdimethyl, diphenylmethylene(cy- 
clopcntadicnyl)indcnylzirconiumdichloridc, diphcnylmcthylenc(cyclopcntadicnyl)fluorenylzirconiumdichloridc, diphc- 
nylmethylene(indenyl)fluorenylzirconiumdichloride, isopropylidene(cyclopentadienyl)indenylzirconiumdichloride, iso- 
propylidene(cyclopentadienyl) fluorenylzirconiumdichloride, isopropylidene(indenyl)fluorenylzirconiumdichloride, eth- 
ylene(cyclopentadienyl)indenylzirconiumdichloride, ethylene(cyclopentadienyl)fluorenylzirconiumdichlofide, dimethyl- 
silylene(cyclopentadienyl)indenylzirconiumdichloride, dimethylsilylene(cyclopentadienyl)fluorenylzirconiumdichloride, 
dimethylsilylene(indenyl)fluorenylzirconiumdichloride, diphenylsilylene(cyclopentadienyl)indenyl7irconiumdichloride. 



7 



076831 9A1 .I > 



EP0 768 319 A1 



diphenylsilylene(cyclopentadienyl)fluorenylzirconiumdich!oride, diphGnylsilylene(indenyl)fluorenyl2irconiumdichlo- 
ride, diphenylrnethylene(cyclopentadienyi)indenylzirconiumdimethyl, diphenylmethylene(cyclopentadienyl)fluore- 
nylzirconiumdimethyl, diphenylmethylene(indenyl)fluorenylzirconiumdimethyl, isopropylidene(cyclopentadienyl)inde- 
nylzirconiumdimethyl, isopropylidene(cyclopentadienyl)fluorenylzirconiumdimethyl, isopropylidene(lndeny!)fluore- 
nylzirconiumdimethyl, ethylene(cyclopentadienyl)indenylzirconiumdimethyl, ethylene(cyclopentadienyl)fluorenylzirco- 
niumdimethyl, dimethylsilylene(cyclopentadienyl)indenylzirconjumdimethyl, dimethylsilylene(cyclopentadienyl)fluore- 
nylzirconiumdimethyl, dimethy!silylene(indenyl)fluorenylzirconiumdimethyl. diphenylsilylene(cyclopentadienyl)inde- 
nylzirconiumdimethyl, diphenylsilylene(cyc!opentadienyl)fluorenylzirconiumdimethyl, diphenylsilylene(indenyl)fluore- 
nylzifconiumdimethyl, diphenylmethylene(cyclopentadienyl)indenylhafniumdichioride, drphenylmethylene(cyclopenta- 
dienyt)fluorenylhafniumdichloride, diphenyimethylene(indenyl)fluorenylhafniurndichloride, isopropylidene 

(cyclopentadienyl)indenylhafniumdichloride, isopropylidene(cyc!opentadienyl)fluorenylhafniumdichloride, isopropyli- 
dene(indenyl)fluorenylhafniumdichloride, ethylene(cyclopentadienyl)indenylhafniumdichloride, ethylene(cyclopenta- 
dienyl)fluorenylhafniumdichloride, dimethylsilylenefcyclopentadienyljindenyihafniumdichloride, dimethylsilylene(cy- 
clopentadienyl)fluorenylhafniumdichloride, dimethylsilylene(indenyl)fluorenylhafniumdichloride, diphenylsilylene(cy- 
clopentadienyl)indenylhafniumdichloride, dipheny(silylene(cyclopentadienyl)fluorenylhafniumdichloride, diphenylsi- 
lylene(indenyl)f(uorenylhafniumdichloride, diphenylmethylene(cyclopentadienyl)indenylhafniumdimethyl, diphenyl- 
methylene(cyclopentadienyl)fluorenylhafniumdimethyl, diphenylmethyleneCindenylJfluorenylhafniumdimethyl, isopro- 
pylidene(cyclopentadienyl)indenylhafniumdimethyl, isopropylidene^yclopentadienyOfluorenylhafniumdimethyl, iso- 
propylidene(indenyl)fluorenylhalniumdimethyl, ethylene(cyclopentadienyl)indenylhafniumdimethyl, ethylene(cy- 
clopehtadienyl)fluorenylhafniumdirnelhyl, dimethylsilylene(cyclopentadienyl)indenylhafniumdimelhyl, dimethylsilylene 
(cyclopentadienyl)fluorenylhafniumdimethyl, dimethylsilylene(indenyl)fluorenylhafniumdimethyl, diphenylsilylene(cy- 
clopentadienyl)indenylhafniumdimethyl, diphenylsilylene(cyclopentadienyl)fluorenylhaf niumdimethyl, diphenylsilylene 
(indenyl)fluorenylhafniumdimethyl, diphenylmethylene(methy!cyclopentadienyi)indenylzirconiumdichloride, diphenyl- 
methylene(methylcycIopentadienyl)fluorenylzirconiumdichloride, diphenylmethylene(methylindenyl)fluorenylzirconi- 
umdichloridc, isopropylidcnc{mGthylcyclopentadienyl)indenylzirconiumdichloride, isopropylidene(methylcyclopentadi- 
enyl)fluorenylzirconiumdichloride, isopropylidene(methylindenyl)fluorGnylztrconiumdich!oride, ethylene(methylcy- 
clopentadienyl)indenylzirconiumdichloride. ethy!ene(methylcyciopentadienyi)fluorenylzirconiumdichloride, dimethylsi- 
lylene(methylcyclopentadienyl)tndenylzirconiumdichloride, dimethylsily)ene(methylcyclopentadienyl)fluorenylzirconi- 
umdichloride. dimethylsilylene(methylindenyI)fluorenylzirconiumdichloride, diphenylsilylene(methylcyclopentadienyl) 
indenyizirconiumdichloride, diphenylsilylene(methylcyclopentadienyl)fluorenylzirconiumdichloride, diphenylsilylene 
(methylindenyl)fluorenylzirconiumdichloride, diphenylmethylene(methylcyclopentadienyl)indenylzirconiumdimethyl. 
diphenylmethylene(methylcyclopentadienyl)fluorenylzirconiumdimethyl, diphenylmethylene(methytindenyl)fluore- 
nylzirconiumdimethyl, ipopropylidene(methylcyclopentadienyl)indenylzirconiumdimethyl, isopropylidene(methylcy- 
clopentadienyljfluorenylzirconiumdimethyl, isopropylidene(methylindenyl)fluorenylzirconiumdimethyl, ethylene(meth- 
ylcyclopentadienyl)indenylzirconiumdimethyl. ethylene(methylcyclopentadienyl)fluorenylzirconiumdimethyl, dimethyl- 
silylene(methylcyclopentadienyl)indenylzirconiumdimethyl, dimethylsilylene(methylcyclopentadienyl)f!uorenylzirconi- 
umdimethyl, dimethylsilylene(methylindenyl)fluorenylzirconiumdimethyl, diphenylsilylene(methylcyclopentadienyl)in- 
denylzirconiumdimethyi, diphenylsilylene(methylcyclopentadienyl)fluorenylzirconiumdimethyl, diphenylsilylene(meth- 
ylindenyl)fluorenylzirconiumdimethyl, diphenylmethylene(dimethylcyclopentadienyl)indenylzirconiumdichloride, 
diphenylmethylene(dimethy!cyclopentadienyl)fluorenylzirconiumdichloride, diphenylmethylene(dimethylindenyl)flu- 
orenylzirconiumdichloride, isopropylidene(dimethylcyclopentadienyl)indenyfzirconiumdichloride, isopropylidene 
(dimethylcyclopentadienyl)fluorenylzirconiumdichloride, isopropylidene(dimethylindenyl)fluorenylzirconiumdichloride, 
ethylene(dimethylcyclopentadienyl)indenylzirconiumdichloride, ethylene(dimethylcyclopentadienyl)fluorenylzirconi- 
umdichloride, dimethylsilylene(dimethylcyclopentadienyl)indenylzirconiumdichlonde, dimethylstlylenefdimethylcy- 
clopentadienyl)fluorenylzirconiumdichloride, dfmethylsilylene(dimethylindenyl)fluorenylzirconiumdichloride, diphe- 
nylsilylene(dimethylcyclopentadienyl)indenylzirconiumdichloride, diphenylsilylene(dimethylcyclopentadienyl)fluore- 
nylzirconiumdichloride, diphenylsilylene(dimethylindenyl)fluorenylzirconiumdichloride, diphenylmethylene(dimethyl- 
cyclopenladienyl)indenylzirconiumdimethyl, diphenylmelhylene(dimelhylcyclopentadieny!)fluorenylzirconiumdime- 
thyl, diphenylmethylene(dimethylindenyl)fluorenylzirconiumdimethyl, isopropylidene(dimethylcyclopentadienyl)inde- 
nylzirconiumdimethyl, isopropylidene(dimethylcyclopentadienyl)fluorenylzirconiumdimethyl, isopropylidene(dimethyl- 
indenyl)fluorenylzirconiumdimethyl, ethylene(dimethylcyclopentadienyl)indenylzirconiumdimethyl, ethylene(dimethyl- 
cyclopentadienyl)fIuorenylzirconiumdimethyl, dimethylsilylene(dimethylcyclopentadienyl)indenylzirconiumdimethyl, 
dimethylsilylenc(dimcthylcyclopcntadienyl)fluorenylzirconiumdimethyl, dimethylsilylene(dimethylindenyl)fluorenylzir- 
coniumdimethyl, diphenylsilylene(dimethylcyclopentadienyl)indenylzirconiumdtmethyl, diphenylsilylene(dimethylcy- 
clopentadienyl)fluorenylzirconiumdimethyl, diphenylsilylene(dimethylindenyl)fluorenylzirconiumdimethyl, bisfluore- 
nyltitaniumdichloride, bisfluorenyltitaniumdimethyl, bisfluorenyltitaniumdihydride, bisfluorenylzirconiumdichloride, bis- 
fluorenylzirconiumdibromide, bisfluorenylzirconiumdtmelhyl, bisfluorenylzirconiumdihydride, bisfluorenylzirconiumhy- 
dridemethyl, bisfluorenylzirconiumhydridechloride, bisfluorenylzirconiumhydridebenzyl, bisfluorenylhafniumdichloride. 



8 



_ .0768319A1J. > 



EP0 768 319 A1 



bisfluorenyfhafniumdimethyl, bisfluorenylhafniumdihydride, bis(cyclopentadienyl)methylidenetitanium, bis(methylcy- 
cIopentadienyl)methylidenetitanium, bis(indenyl)methylidenetitanium, ethylenebisindenylmethylidenetitanium, 
dimethylsilylenebiscyclopentadienylmethyiidenetitanium, bis(cyclopentadienyl)propylidenetitanium, bis(methylcy- 
clopentadienyl)propylidenetitanium, bis(indenyl)propylidenetitanium. ethylenebisindenylpropylidenetitanium, 

5 dimethylsilylenebisGyclopentadienylpropylidenetitanium, bis(cyclopentadienyl)methylidenezirconium. bis(methylcy- 
clopentadienyl)methy!idenezirconium, bis(indenyl)methylidenezirconium, ethylenebisindenylmethylidenezirconium, 
dimethylsilylenebiscyclopentadienylmethyiidenezirconium, bis{cyclopentadienyl)propylidenezirconium, bis(methylcy- 
clopentadienyl)propylidenezirconium. bis(indenyl)propylidenezirconium, ethylenebisindenylpropylidenezirconium, 
dimethylsilylenebiscyclopentadienylpropylidenezirconium, bis(cyclopentadjenyl)methylidenehafnium, bis(methylcy- 

w clopentadienyl)methylidenehafnium, bis(indenyl)methylidenehafnium, ethylenebisindenylmethylidenehafnium, 
dimethylstlylenebiscyclopentadienylmethylidenehalnium, bis(cyclopentadienyl)propylidenehafnium, bis(methylcy- 
clopentadienyl)propylidenehafnium, bis(indenyl)propylidenehafnium, ethylenebisindenylpropylidenehafnium and 
dimethyisilylenebiscyclopentadienylpropylidenehafnium. These may be used in combination. Particularly preferred are 
bisindenylzirconiumdimethyl, bisindenylzirconiumdiphenyl, bisindenylzirconiumdichloride, bisindenylzirconiumdiben- 

is zyl, bisfluorenylzirconiumdimethyl, bisfluorenylzirconiumdiphenyl, bisfluorenylzirconiumdichloride, bisfluorenylzirconi- 
. umdibenzyl, biscyclopentadienylzirconiumdimethyl, biscyclopentadienylzirconiumdiphenyl, biscyclopentadienylzirco- 
niumdichloride, biscyclopentadienylzirconiumdibenzyl, bispentamethylcyclopentadienylzirconiumdimethyl, 
bispentamethylcyclopentadienylzirconiumdiphenyl, bispeniamethylcyclopentadienylzirconiumdichloride and 
bispentamethylcyclopentadienylzirconiumdibenzyl. 

20 The modified organoaluminum compound (B) resulls from the reaction at an organoaluminum compound with 

water, and it has in its molecule an AI-O-AI bond numbering from 1 to 100, preferably from 1 to 50. The reaction is 
effected usually in the presence of an inert hydrocarbon, typically an aliphatic hydrocarbon such as pentane, hexane, 
heptane and the like, an alicyclic hydrocarbon such as cyclohexane or methylcyclohexane or an aromatic hydrocarbon 
such as benzene, toluene, xylene and the like. Particularly preferred are the aliphatic and aromatic hydrocarbons. 

25 Suitable organoaluminum compounds arc those of the formula 

R n AlX 3-n 

30 where R is a hydrocarbon group such as an alkyl. alkenyl, aryl and aralkyl group of 1 to 18. preferably 1 to 12 carbon 
atoms; X is a halogen or hydrogen atom; and n is an integer of 1<n<3. Trialkylaluminums are preferred in which the 
alkyl group is a methyl, ethyl, propoyl. isopropyl, butyl, isobutyl, pentyl, hexyl. octyl, decyl or dodecyl group, among 
which the methyl group is particularly preferred. 

The mol ratio of water to organoaluminum compound is in the range of 0.25:1 to 1.2:1, preferably 0.5:1 to 1:1. 

35 Reaction conditions may be at from -70 to 100°C, preferably -20 to 20°C, and for 5 minutes to 24 hours, preferably 10 
minutes to 5 hours. There may be used a water of crystallization contained in a hydrate such as copper sulfate hydrate, 
aluminum sulfate hydrate or the like. Alternatively, a supply of water may be sought from such materials which can 
produce water in the reaction system. It has been found that methylaluminoxane : a reaction product of an alkyjaluminum 
and water, is particularly suitable for use as the component (B). Any of the above modified organoaluminum compounds 

40 may be used in combination. 

Catalyst (\\) 

The catalyst (II) of the invention falls in the category of hydrogenation catalysts and comprises either component 
^5 (C) or component (E). Component (C) is a transition metal elemental compound belonging to the IV- VIII Groups in the 
Periodic Table and selected specifically from the group consisting of oxides, halides, carbonates, acetates, alkoxides, 
acetylacetonates. metallocenes, hydrogen complexes, alkyl complexes, phosphine complexes, cyano complexes, py- 
ridyl complexes and carbonyl complexes of said transition metal elemental compound, or a compound resulting from 
mutual contact of said transition metal elemental compound and a compound, hereinafter referred to as Component 
so (D), of the formula 

• Me' R- m (OR') n X' , m . n 

ss wherein R' and R" each are a C r C 24 hydrocarbon group. X' is a halogen or hydrogen atom, Me' is an element 

of the l-lll Groups in the Periodic Table, z is a valence of Me', m and n are 0<m£z and O^n^z, respectively and 0<m+n^z. 

The Component (C) may be a single compound, composite compounds of two or more of the Group IVA/III transition 
metals, or complexes having two or more ligands such as alkoxy /carbonyl. phosphine/hydrogen and carbonyl/cyclopen- 
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tadienyl complexes. 

Components (C) eligible for use in the invention exemplarily include Cr(acetylacetonate)3, Mo0 2 (acetylaceto- 
nate) 2 . Mn(acetylacetonate) 3 . Mn(acetylacetonate) 2 . Fe(acetylacetonate) 3 . Co(acetylacetonate) 3 , Ru(acetylaceto- 
nate) 3 . VO(OC 2 H 5 ) 3 , VO(On-C 4 H 9 ) 3 . Co{(C 6 H 5 ) 3 P} 2 CI 2 , Ni(acetylacetonate) 2 . Ni{(n-C 4 H 9 ) 3 P) 2 CI 2 , Pd{(n- 
C 4 H 9)3 p }2 C, 2- chlorotrts(triphenylphosphine)rhodium. hydridecarbonyltris(triphenylphosphine)rhodium, 7hodium ace- 
tate, ruthenium acetate, chlorohydridetris(triphenylphosphine)ruthenium, carboxylatohydridetris(triphenylphosphine) 
ruthenium, hydridecarbonyltris(triphenylphosphine)iridium, trihydridetris(triphenylphosphine)cobalt, chlorocarbonylbis 
(triphenylphosphine)iridium, pentacyanocobalt (II) complex, tricyanobipyridinecobalt (II) complex, bis(dimethylglyoxi- 
mato)cobalt (II) complex, tertiary organophosphine-cobaltcarbonyl complex, allene-tricarbonylchromium complex, bis 
(tricarbonylcyclopentadienylchromium)pentacarbonyliron complex, ruthenium oxide and metallocene compounds of 
the formula 



R p MX 4 . p and/or R 2 MX' 

wherein M is a transition metal of Group IVa in the Periodic Table, R is a cyclopentadienyl, substituted cyclopen- 
tadienyl. indenyl, substituted indenyl, fluorenyl and substituted fluorenyl group which may be bonded through a C 2 -C 18 
hydrocarbon group and/or a silylene group, said substituted cyclopentadienyl, substituted indenyl and substituted flu- 
orenyl groups each having at least one hydrogen atom directly bonded to their respective 5-member rings, X is a 
halogen or hydrogen atom and a C r C 24 hydrocarbon moiety, p is 1<p<4, and X* is a C^C^ alkylidyne group, 
such metallocene compounds typically including biscyclopentadienyltitaniumdichloride, biscyclopentadienyltitanium- 
dimethyl, biscyclopentadienyltitaniumdibenzyl, biscyclopentadienylzirconiumdichloride, btscyclopentadienylzirconi- 
umdimethyl and biscyclopentadienylzirconiumdibenzyl, compounds of the formula 



25 

M'(OR) 2 



wherein M' is a transition metal element of the Groups IV- VIII in the Periodic Table, R is a C,-C 24 , preferably a 
c i"Ci2 alkvl 9 rou P. and 7 is a valence of M\ 

such compounds typically including Ti(Oi-C 3 H 7 ) 4 , Ti(Oi-C 4 H 9 ) 4 . Zr(Ot-C 4 H 9 ) 4 . Zr(On-C 4 H 9 ) 4 , Zr(Oi-C 4 H 9 ) 4 , Co(Oi- 
C 3 H 7 ) 3 . Co(On-C 3 H 7 ) 3 , Co(Oi-C 4 H 9 ) 3 , Co(Ot-C 4 H 9 ) 3 . Co(On-C 4 H 9 ) 3 and Co(On-C 8 H 17 ) 3 . These compounds may be 
used in combination. Component (C) may be supported on an inorganic carrier such as silica, silica gel. alumina, 
diatomaceous earth, active carbon : barium sulfate, asbestos, pumice, calcium carbonate, carbon (strontiumcarbon 
carbonate) ceramics and stainless, or may be dissolved homogeneously in a solvent such as a saturated or unsaturated 
hydrocarbon, an aromatic hydrocarbon, ether, ester, alcohol amide, sulphoxide, acid and ketone. 

Component (C) when supported on such a carrier is used usually in an amount of less than 5 millimots, preferably 
from 0.0001 to 5 millimols, more preferably from 0.001 to gram of the carrier. 

Component (D) used in the invention is represented by the general formula Me , R , M(OR") n X , 2 . m . n of the definition 
already advanced. Me' in the formula is an element of Groups I -1 1 1 in the Periodic Table, specifically is selected from 
the group consisting of lithium, sodium, potassium, magnesium, calcium, zinc and aluminum. Me' preferably embraces 
the Group III elements. R* and R" each are C r C 24 preferably C^C^ more preferably C r c 8 hydrocarbon groups 
including an alkyl group such as methyl group, ethyl group, propyl group, isopropyl group, cyclopropyl group, butyl 
group, isobutyl group, t-butyl group, pentyl group, isopentyl group, neopentyl group, cyclopentyl group, hexyl group, 
isohexyl group, cyclohexyl group, heptyl group, octyl group, decyl group and dodecyl group; an alkenyl group such as 
vinyl group and allyl group; an aryl group such as phenyl group, tolyl group, xylyl group, mesityl group, indenyl group 
and naphthyl group and an aralkyl group such as benzyl group, phenethyl group, styryt group, benzhydryl group, trityl 
group, phenylbutyl group, phenylpropyl group and neophyl group. These groups may be branched. X* is a halogen 
atom such as fluorine, iodine ; chlarine and bromine or a hydrogen atom. If X' is a hydrogen atom, Me' is a Group III 
element such as boron and aluminum, z is a valence of Me', m and n are 0<m<z, o<n<z and o<m+n<z. 

Specific examples of Component (D) include methyllithium, ethyllithium, propyllithium, isopropyllithium, butyllithi- 
um, t-butyllithium. pentyllithium, octyllithium, phenyllithium, benzyllithium, dimethylmagnesium, diethylmagnesium, di- 
n-propylmagncsium, diisopropylmagnesium.dibutylmagncsium, di-t-butylmagnesium, dipcntylmagnesium, dioctyl- 
magnesium, diphenylmagnesium, dibenzylmagnesium, methylmagnesiumchloride, ethylmagnesiumchioride, propyl- 
magnesiumchloride, isopropylmagnesiumchloride, butylmagnesiumchloride. t-butylmagnesiumchloride, pentylmagne- 
siumchloride. octylmagnesiumchloride, phenylmagnesiumchloride, benzylmagnesiumchloride, methylmagnesiumbro- 
mide. methylmagnesiumiodide, ethylmagnesiumbromide, ethylmagnesiumiodide, propylmagnesiumbromide, propyl- 
magnesiumiodide, isopropylmagnesiumbromide, isopropylmagnesiumiodide, butylmagnesiumbromide, butylmagne- 
siumiodide : t-butylmagnesiumbromide, t-butylmagnesiumiodide. pentylmagnesiumbromide. pentylmagnesiumiodide. 
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octylmagnesiumbromide, actylmagneaiumiadide, phenylmagnesiumbromide, phenylmagnesiumiodide, benzyimagne- 
siumbromide, benzylmaqnesiumiodide. dimethylzinc, diethylzinc, dipropylzinc, diisopropylzinc, di-n-butylzinc. di-t- 
butylzinc, dipentylzinc, dioctylzinc, diphenylzinc, dibenzylzinc, trimethylboron, triethylboron, tripropylboron, triisopro- 
pylboron, tributylboron,tri-t-butylboron, tripentylboron, trioctylboron. triphenylboron. tribenzylboron, trimethylaluminum, 
5 triethylaluminum, diethylaluminumchloride, diethylaluminudbromide, diethylaluminumfluoride, diethylaluminumiodide, 
ethylaluminumdichloride, ethylaluminumdibromide, ethylaluminumdifluoride, ethylaluminumdiiodide, tripropylalumi- 
num. dipropylaluminumchloride, dip ropy la I u m in umbromide, dipropylaluminumfluoride, dipropylaluminumiodide, pro- 
pylaluminumdichloride, propylaluninumdibromide, propylaluminumdifluoride, propylaluminumdiiodide. triisopropylalu- 
minum, diisopropylaluminumchloride, diisopropylaluminumbromide, diisopropyialuminumfluoride, diisopropylaluminu- 
10 miodide. ethylaluminumsesquichloride, ethylaluminumsesquibromide, propylaluminumsesquichloride, ropylaluminum- 
sesquibromide, butylaluminumsesquichloride, butylaluminumsesquibromide, isopropylaluminumdichloride, isopropy- 
laiuminumdibromide, isopropylaluminumdifluoride, isopropylaluminumdiiodide, tributylaluminum, dibutylaluminum- 
chloride, dibutylaluminumbromide, dibutylaluminumfluoride, dibutylaluminumiodide, butylaluminumdichloride, butyla- 
luminumdibromide, butylaluminumdifluoride, butylaluminumdiiodide ; tri-sec-butylaluminum, di-sec-butylaluminum- 

'5 chloride, di-sec-butylaluminumbromide, di-sec-butylaluminumfluoride, di-sec-butylaluminumiodide, sec- 
butylaluminumdichloride, sec-butylaluminumdibromide, sec-butylaluminumdifluoride, sec-butylaluminumdiiodide, tri- 
tert-butylaluminum, di-tert-butylaluminumchloride, di-tert-butylaluminumbromide, di-tert-butylaluminumfluoride, di-tert- 
butylaluminumiodide, tert-butylaluminumdichloride, tert-butylaluminumdibromide, tert-butylaluminumdifluoride, tert- 
butylaluminumdiiodide, triisobutylaluminum, diisobutylaluminumchloride, diisobutylaluminumbromide, diisobutylalumi- 

20 num fluoride, diisobulylaluminumtodide, isobutylaluminumdichloride, isobutylaluminumdibromide, isobulylaluminumdi- 
fluoride, isobutylaluminumdiiodide, trihexylaluminum, dihexylaluminumchloride, dihexylaluminumbromide, dihexylalu- 
minumfluoride, dihexylaluminumiodide : hexylaluminumdichloride, hexylaluminumdibromide, hexylaluminumdifluoride, 
hexylaluminumdiiodide, tripentylaluminum, dipentylaluminumchloride, dipentylaluminumbromide, dipentylaluminum- 
fluoride, dipentylaluminumiodide, pentylaluminumdichloride, pentylaluminumdibromide, pentylaluminumdifluoride, 

25 pentylaluminumdiiodido, tridecylaluminum, mcthylaluminumdimethoxide, methylaluminumdiethoxide, mcthylalumi- 
numdipropoxide, rnethylaluminumdibutoxide. dimethylaluminummethoxide, dimethylaluminumethoxide, dimethylalu- 
minumpropoxide, dimethylaluminumbutoxide, ethylaluminumdimethoxide, ethylaluminumdiethoxide, ethylaluminum- 
dipropoxide, ethylaluminumdibutoxide, diethylaluminummethoxide, diethylaluminumethoxide. diethylaluminumpropox- 
ide. diethyialuminumbutoxide, propylaluminumdimethoxide, propylaluminumdiethoxide, propylaluminumdipropoxide, 

30 propylaluminumdibutoxide, dipropylaluminummethoxide, dipropylaluminumethoxide, dipropylaluminumpropoxide. 
dipropylaluminumbutoxide, butylaluminumdimethoxide, butylaluminumdiethoxide. butylaluminumdipropoxide. butyla- 
luminumdibutoxide, dibutylaluminummethoxide : dibutylaluminumethoxide, dibutylaluminumpropoxide, dibutylalumi- 
numbutoxide, dimethylaluminumhydride, diethylaluminumhydride. dipropylaluminumhydride, diisopropylaluminumhy- 
dride, dibutylaluminumhydride, diisobutylaluminumhydride, dihexylaluminumhydride, dicyclohexylaluminumhydride, 

35 methylaluminumdihydride, ethylaluminumdihydride, p ropy la lu m in umdi hydride, isopropylaluminumdihydride, butylalu- 
minumdihydride, isobutylaluminumdihydride, hexylaluminumdihydride andcycbhexylaluminumdihydride. These may 
be used in combination. Particularly preferred Components (D) are trimethylaluminum, triethylaluminum, diethylalumi- 
numchloride, tripropylaluminum, triisopropylaluminum, tributylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, 
triisobutylaluminum, trihexylaluminum, tripentylaluminum, diisobutylaluminumhydride, tridecylaluminum, diethylzinc, 

40 n-butyllithium and butylmagnesiumchloride. 

More preferred are triethylaluminum, triisobutylaluminum, diethylzinc, n-butyllithium and butylmagnesiumchloride. 
Component (E) used in the inventive catalyst (II) exemplarily embraces titanium, zirconium, hafnium, vanadium, 
niobium, tantalum, molybdenum, tungsten.manganese, technetium, rhenium, iron, ruthenium, osmium, cobalt, rho- 
dium, iridium, nickel, palladium and platinum. These metals may be used singly and in any suitable form such as of 

^5 powder, sheet honeycomb, rod and the like. They may be supported on an inorganic carrier such as of silica, silica 
gel, alumina, diatomaceous earth, active carbon, barium sulfate, asbestos, pumice, calcium carbonate, carbon (stron- 
tiumcarbon carbonate) ceramics and stainless, such carrier being powdery, sheet-like or honeycomb-shaped, the last- 
named being particularly preferred. 

Component (E) further includes colloidal platinum, platinum black, platinized asbestos, platinum silica gel (carrier), 

50 colloidal palladium, palladium black, palladium silica gel (carrier), reduced nickel, nickel-diatomaceous earth (carrier), 
nickel pumice (carrier), Raney nickel, reduced cobalt, Raney cobalt, rhodium carbon (carrier), rhodium alumina (carrier), 
ruthenium carbon (carrier) and Raney nickel alumina (carrier). 

Examples of the catalyst (II) suitable for use in the invention include colloidal platinum, platinum black, platinized 
asbestos, platinum silica gel (carrier), colloidal palladium, palladium black, palladium silica gel (carrier), reduced nickel, 

S5 nickel-diatomaceous earth (carrier), nickel pumice (carrier), Raney nickel, reduced cobalt, Raney cobalt, rhodium car- 
bon (carrier), rhodium alumina (carrier), ruthenium carbon (carrier), ruthenium oxide, biscyclopentadienyltitanium- 
dichloride-n-butyllithium, biscyclopentadienyltitaniumdichloride-diethylzinc, biscyclopentadienyltitaniumdichloride-di- 
ethylmagnesium. biscyclopentadienyltitaniumdichlorideethylmagnesiumchloride. biscyclopentadienyltitanium- 
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dichloride-triethyl aluminum, biscyclopentadienyltitaniumdichloride-triisobutylaluminum, biscyclopentadienyititanium- 
dimethyl-n-butyllithium, biscyclopentadienyltitaniumdimethyl-djethy^inc, biscyclopentadienyltitaniumdimethyl-diethyl- 
magnesium. biscyclopentadienyltitaniumdimethyl-ethylmagnesiumchloride. biscyclopentadienyltitaniumdimethyl-tri- 
ethylaluminum, biscyclopentadienyltitaniumdimethyl-triisobutylaluminum, biscyclopentadienyltitaniumdibenzyl-n- 
butyllithium, biscyclopentadienyltitaniumdibenzyl-diethylzinc, biscyclopentadienyltitaniumdibenzyl-diethylmagnesium, 
biscyclopentadienyltitaniumdibenzyl-ethylmagnesiumchloride, biscyclopentadienyltitaniumdibenzyl-triethylaluminum, 
biscyclopentadienyltitaniumdibenzyl-triisobutylaluminum, biscyclopentadienylzirconiumdichloride-n-butyllithium, bis- 
cyclcpentadienylzirconiumdichloride-diethylzinc. biscyclopentadienylzirconiumdichloride-diethylmagnesium, 
biscyclopentadienylzirconiumdichloride-ethylmagnesiumchloride, biscyclopentadienylzirconiumdichloride-triethy! alu- 
minum, biscyclopentadienylzirconiumdichloride-triisobutylaluminum, biscyclopentadienylzirconiumdimethyl-n-butyl- 
lithium, biscyclopentadienylzirconiumdimethyl-diethylzinc, biscyclopentadienylzirconiumdimethyl-diethylmagnesium, 
biscyclopentadienylzirconiumdimethyl-ethylmagnesiumchloride, biscyclopentadienyizirconiumdimethyl-triethylalumi- 
num, biscyclopentadienylzirconiumdimethyl-triisobutylaluminum, biscyclopentadienylzirconiumdibenzyl-n-butyllithi- 
um, biscyclopentadienylzirconiumdibenzyl-diethylzinc, biscyclopentadienylzirconiumdibenzyl-diethylmagnesium, 
biscyclopentadienylzirconiumdibenzyl-ethylmagnesiumchloride, biscyclopentadienylzirconiumdibenzyl-triethylalumi- 
num. biscyclopentadienylzlrconiumdibenzyl-triisobutylaluminum, TifOi-CaHyJ^triethylaluminium, Ti(Oi-C 3 H 7 ) 4 -tri- 
isobutylaluminium, Ti(Oi-C 3 H 7 ) 4 -n-butyllithium, "n(On-C 3 H 7 ) 4 -triethyfaluminium t Ti(On-C 3 H 7 ) 4 -triisobutylaluminium, Ti 
(On-C 3 H 7 ) 4 -n-butyllithium, Ti(Oi-C 4 H 9 ) 4 -triethylaluminium, TKOi-^Hg^-triisobutylaluminium, Ti(Oi-C 4 H 9 ) 4 -n-butyllith- 
ium, Ti(Ot-C 4 H 9 ) 4 -triethylaluminium, Ti(0!-C 4 H 9 ) 4 -triisobutylaIuminium, Ti(Ot«C 4 H 9 ) 4 -n-butyllithium, Ti(On-C 4 H 9 ) 4 -tri- 
ethyialuminium, Ti(On-C 4 H 9 ) 4 -lriisobulylaluminium, Ti(On-C 4 H 9 ) 4 -n-butyllithium. Zr(Oi-C 3 H 7 ) 4 -lrielhylaluminium, Zr 
(Oi-C3H7)4-triisobutylaluminium. Zr(Oi-C 3 H 7 ) 4 -n-butyllithium, Zr(On-C 3 H 7 ) 4 -triethylaluminium, Zr(On-C 3 H 7 ) 4 - 
trisobutylaluminium, Zr(On-C 3 H 7 ) 4 -n-butyllithium, Zr(Oi-C 4 H 9 ) 4 -triethylaluminium, Zr(Oi-C 4 H 9 ) 4 -triisobutylaluminium t 
Zr{Oi-C 4 H 9 ) 4 -n-butyllithium, Zr(Ot-C 4 H 9 ) 4 -triethylaluminium, Zr(Ot-C 4 H 9 ) 4 -triisobutylaluminium, Zr(Ot-C 4 H 9 ) 4 -n-butyl- 
lithium, Zr(Cn-C 4 H 9 ) 4 -triethylaluminium, Zr(On-C 4 H 9 ) 4 -triisobutylaluminium, Zr(On-C 4 H 9 ) 4 -n-butyllithium, VO 
(OC 2 H 5 ) 3 -tricthylaluminium, VO(OC 2 H 5 ) 3 -triisobutylaluminium, VO(OC 2 H s ) 3 -diisobutylaluminiumhydridc, vO(On- 
C 4 H g ) 3 -!riethylaluminium, VO(On-C 4 H 9 ) r triisobutylaluminium, VO(On-C 4 H 9 ) 3 -diisobutylaluminiumhydride, Co(Oi- 
C 3 H 7 ) 3 -triethylaluminium, Co(Oi-C 3 H 7 ) 3 -triisobutylaluminium, Co(Oi-C 3 H 7 ) 3 -n-butyllithium, Co(On-C 3 H 7 ) 3 -triethylalu- 
minium, Co(On-C 3 H 7 ) 3 -triisobutylaluminium, Co(On-C 3 H 7 ) r n-butyllithium, Co(Oi-C 4 H 9 ) r triethylaluminium, Co(Oi- 
C 4 H 9 ) 3 -triisobutylaluminium. Co(Oi-C 4 H 9 ) 3 -n-butyllithium, Co(Ot-C 4 H 9 ) 3 -triethylaluminium, Co(Ot-C 4 H 9 ) 3 -triisobutyla- 
luminium, Co(Ot-C 4 H 9 ) 3 -n-butyllithium, Co(On-C 4 H 9 ) 3 -triethylafuminium, Co(On-C 4 H 9 ) 3 -triisobutyfaluminium, Co(On- 
C 4 H g ) 3 -n-butyllithium. Co(On-C 8 H 17 ) 3 -triethylaluminium, Co(On-C 8 H 17 ) 3 -triisobutylaluminium. Co(on-C 8 H 17 ) 3 -n- 
butyllithium, Cr(acetylacetonato) 3 -triethy!aiuminium, Cr(acetylacetonato) 3 -triisobutylaluminium, MoO 2 (acetylacet0- 
nato) 2 -triethylaluminium, Mo0 2 (acetylacetonato) 2 -triisobutylaluminium, Mn(acetyIacetonato) 3 -triethylaluminium, Mn 
(acetylacetonato) 3 -triisobutylaluminium, Mn(acetylacetonato) 2 -triethylaluminium, Mn(acetylacetonato) 2 -triisobutylalu- 
minium, Fe(acetylacetonato) 3 -triethylaluminium : Fe(acetylacetonato) 3 -triisobutylaluminium, Co(acetylacetonato) 3 -tri- 
ethylaluminium, Co(acetylacetonato) 3 -triisobutylaluminium, Ru(acetylacetonato) 3 -triethylaluminium, Ru(acetylaceto- 
nato) 3 -triisobutylaluminium, Co{(C 6 H 5 ) 3 P} 2 CI 2 -triethylatuminium, Co{(C 6 H 5 ) 3 P) 2 C! 2 -triisobutylaluminium, Ni(acetylac- 
etonato)2-triethylaluminium, Ni(acetylacetonato)2-triisobutylaluminium, Ni{(n-C 4 H 9 ) 3 P} 2 CI 2 -triethylaluminium, Ni{(n- 
C 4 H g)3 p }2 C, 2- triisobut y | a ,unr iinium, Pd{(n-C 4 H 9 ) 3 P} 2 CI 2 -triethylaluminium, Pd{(n-C 4 H 9 ) 3 P} 2 CI 2 -triisobutylaluminium, 
chlorotris(triphenylphosphine)rhodium, hydridecarbonyltris(triphenylphosphine)rhodium. rhodium acetate, ruthenium 
acetate, chlorohydridetris(lriphenylphosphine)ruthenium, carboxylatohydridetris(triphenylphosphine)ruthenium, hydri- 
decarbonyltris(triphenylphosphine)iridium : trihydridetris(triphenylphosphine)cobalt, chlorocarbonylbis(triphenylphos- 
phine)iridium, pentacyanocobalt(ll) complex, tricyanobipyridinecobalt(ll) complex, bis(dimethylglyoxymato)cobalt(ll) 
complex, cobaltcarbonyl complex, allenetricarbonyl complex, bis(tncarbonylcyclopentadienylchromium) and pentacar- 
bonyliron complex. 

Among the above listed compounds, there may be also preferably used palladium black, nickel-diatomaceous 
earth(carrier), Raney nickel, biscyclopentadienyltitaniumdichloride-triisobutylaluminium, biscycfopentadienyltitanium- 
dimethyl-triisobulylaluminium : biscyclopenladienylzirconiumdichloride-lriethylaluminium, Ti(Oi-C 3 H 7 ) 4 -trielhylalumini- 
um, Ti(Oi-C 3 H 7 ) 4 -triisobutylaluminium : Ti(On-C 4 H 9 ) 4 -triethylaluminium, Ti(On-C 4 H 9 ) 4 -triisobutylaluminium, Co(On- 
C 8 H 17 ) 3 -triethylaluminium, Co(On-C 8 H 17 ) 3 -triisobutylaluminium, Co(acetylacetonato) 3 -triethylaluminium, Co(acety- 
lacetonato) 3 -triisobutylaluminium, Ni(acetylacetonato) 2 -triethylaluminium, Ni(acetylacetonato) 2 -triisobutylaluminium 
and chlorotris(triphenylphosphine)rhodium. 

The term inorganic carrier (F) as used herein denotes such a material which may be intrinsically in the form of 
powder, granule, flake, foil or fiber, but whatever the shape may be, it should be 5 - 200 um, preferably 1 0 - 1 00 ujti in 
maximum length. The inorganic carrier is preferably porous, having a surface area of 30 - t ,000 rr^/g and a pore volume 
of 0.1 - 3 cm 3 /g. It may be chosen from the group of a carbonaceous material, a metal, a metal oxide, a metal chloride 
and a metal carbonate, or a mixture thereof, which is calcined usually at 200° - 900°C in the air, nitrogen, argon or 
other inert gas. Suitable metals for the inorganic carrier (F) are iron, aluminum and nickel. Eligible metal oxides are 
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the Group I - VIII metal oxides of the Periodic Table including Si0 2 , Al 2 0 3 , MgO, CaO. B 2 0 3 , Ti0 2 , 2r0 2 . Fe 2 0 3 , 
Si0 2 AI 2 O 3 , AI 2 0 3 -MgO, AI 2 0 3 -CaO. AI 2 0 3 .MgO-CaO, AI 2 0 3 -MgO Si0 2 , AI 2 O 0 -CuO, AI 2 O 3 -Fe 2 O 0 . AI 2 0 3 -NiO and 
Si0 2 -MgO. The double oxides are not particularly restricted in terms of structure and component ratio when used in 
the invention. The metal oxides may have adsorbed thereto small quantities of moisture and may further contain £ 

5 small amount of impurities. 

The metal chloride used in the invention is a chloride of an alkaline metal or alkaline earth metal, preferably MgC^ 
and CaCI 2 . Examples of the metal carbonate are magnesium carbonate, calcium carbonate and barium carbonate, 
while those of the carbonaceous material referred to herein are carbonblack and activated carbon. Any of these metal 
oxides are preferred for use as the inorganic carrier materials, and the metal oxides, silica and alumina are particularly 

10 preferred. 

The term particulate polymer carrier (F) as used herein designates a solid particulate form of either thermoplastic 
or thermosetting resin having an average particle size 5 - 2,000 u.m, preferably 10-100 jam, practically ranging from 
low molecular weight to ultra high molecular weight polymers as long as these polymers remain solid during the stages 
of catalyst preparation and polymerization reaction. Specific examples of the particulate polymer include particulate 

'5 ethylene polymers, ethylene alpha-olefin copolymers, propylene polymers or copolymers, poly-1 -butene and like poly- 
oletins preferably of 2 - 12 carbon atoms, polyester, polyamide, polyvinylchloride, polymethylacrylate, polymethylmeth- 
acrylate polystyrene, polynorbornene and naturally occurring polymers as well as mixtures thereof. The foregoing 
inorganic and particulate polymer carriers per se may be used as Component (F) according to the invention. 
Alternatively, they may be pretreated with an organoaluminum compound such as trimethylaluminum, triethylaluminum, 

20 triisobutylaluminum, tri-n-hexylaluminum : dimethylaluminum chloride, diethylaluminum chloride and diethylmo- 
noethoxyaluminum, or an AI-O-AI bond-containing organoaluminum compound (Component B), or silane compound. 

The inorganic carrier (F) may be used after treatment with an active hydrogen-containing compound such as 
alcohol and aldehydes, an electron -donative compound such as ester and ether, or an alkoxide-containing compound 
such as tetraalkoxysilicate, trialkoxyaluminum and transition-metal tetraalkoxide. 

25 The carriers may be contacted with various pretreating compounds in an atmosphere of an inert gas such as 

nitrogen or argon in the presence of an inert liquid hydrocarbon such as an aromatic hydrocarbon (C 6 -C 12 ) including 
benzene, toluene, xylene and ethylbenzene or an aliphatic or alicyclic hydrocarbon (C 5 -C 12 ) including heptane, hexane, 
decane, dodecane and cyclohexane, with or without stirring at a temperature of -100° - 200°C, preferably -50° -100°C 
for 30 minutes to 50 hours, preferably 1 - 24 hours. This pretreatment reaction is carried out preferably in the presence 

30 of a solvent of an aromatic hydrocarbon (C 6 -C 12 ) such as benzene, toluene, xylene and ethylbenzene in which the 
pretreating compounds are rendered soluble. The resulting reaction mixture may be readily put to use for the prepa- 
ration of catalyst components without having to remove the solvent. Part or all of the aromatic hydrocarbon may be 
removed from the resulting reaction mixture. Alternatively, the pretreated carrier may be precipitated and recovered 
from the reaction mixture by adding an inert liquid hydrocarbon such as pentane, hexane, decane, dodecane or cy- 

35 clohexane. 

In order to enhance the various effect of the present invention, it is preferred that Components (C), (D) and (F) or 
(C) and (F) or (E) and (F) are contacted toger in advance and then contacted together Components (A) and (B). 

Components (A) and (B) are contacted together in the presence of nitrogen, argon and other inert gas, or an inert 
liquid hydrocarbon solvent such as an aromatic hydrocarbon including benzene, toluene, xylene and ethylbenzene 
40 and an aliphatic or alicyclic hydrocarbon including heptane, hexane, decane, dodecane and cyclohexane, with or with- 
out stirring at a temperature of from -100° to 200°C, preferably from -50° to 150°C, for a period of from 5 minutes to 
250 hours, preferably from 30 minutes to 24 hours. 

In the case where Components (A) and (B) are contacted together in the inert hydrocarbon solvents, upon com- 
pletion of the reaction the resultant catalyst composition maintained in the solution state may be contacted together 
^5 with Catalyst component (ll) or Catalyst Component (II) and Component (F). 

Alternatively, the above resulted catalyst may be maintained in solid phase by means of precipitation and drying and 
put to use for the contact of Catalyst Component (II) or Catalyst Component (II) and Component (F). The contacting 
operation may be carried out more than twice. 

The amount of the pretreating compound is usually 1 - 10,000 millimoles, preferably 5 - 1,500 millirnoles (or Al 
50 atom concentration in the case of a modified aluminum compound) per 100 grams of the carrier. 

The amount of addition of Components (B) is in the range of 1 - 10,000 mols, preferably 5 - 1,000 mols, more 
preferably 10 - 500 mols per mol of Component (A). 

Components (C) and (D) are contacted together in the presence of nitrogen, argon and other inert gas., or an inert 
liquid hydrocarbon solvent such as an aromatic hydrocarbon including benzene, toluene, xylene and ethylbenzene 
s 5 and an aliphatic or alicyclic hydrocarbon including heptane, hexane, decane, dodecane and cyclohexane, with or with- 
out stirring at a temperature of from -100°C to 200°C, preferably from -50° to 150°C, for a period of from 5 minutes to 
250 hours, preferably from 30 minutes to 24 hours. This contact operation is conducted preferably with use of such 
aromatic hydrocarbons (i.e. benzene, toluene, xylene and ethylbenzene) in which Components (C) and (D) are more 



13 

BNSDOCID: <EP 0768319A1 J_> 



EPO 768 319 A1 



readily soluble and preferably in nitrogen atmosphere in which instance the amount of Component (D) is usually 0.01 
- 1 ,000, preferably 0.05 - 200. more preferably 0.5 - 20 mols per mol of Component (C). 

The amount of addition of each of Components (C) and (E) in Catalyst Component (II) is in the range of 0.01 - 100 
mols,. preferably 0. 1 - 10 mols per mol of Component (A) in Catalyst Component (I). 

The catalyst composition according to the invention results from contacting the carrier (F) with either of the Catalyst 
Components (I) and III) during or after the preparation of the latter. More specifically, for purposes of illustration, ac- 
cording to one embodiment of the invention, the carrier (F) is contacted with Catalyst Component (I) in the following 
sequence: 



1. Reaction product of (A) and (B) is contacted with (F) 

2. Reaction product of (A) and (F) is contacted with (B) 

3. Reaction product of (B) and (F) is contacted with (A) 



Sequences 1 and 2 are preferred. 

Components (A), (B) and (F) are contacted together in the presence of nitrogen, argon and other inert gas, or an 
inert liquid hydrocarbon solvent such as an aromatic hydrocarbon including benzene, toluene, xylene and ethylbenzene 
and an aliphatic or alicyclic hydrocarbon including heptane, hexane, decane, dodecane and cyclohexane, with or with- 
out stirring at a temperature of from -100° to 200°C, preferably from -50° to 150°C, for a period of from 5 minutes to 
250 hours, preferably from 30 minutes to 24 hours. This contact operation is conducted preferably with use of such 
aromatic hydrocarbons (i.e. benzene, toluene, xylene and ethylbenzene) in which Components (A) and (B) are more 
readily soluble. If the contact operation is carried out through multi-stages, the components may be contacted together 
throughout the stages without having to remove the aromatic hydrocarbon solvent used in the first stage. Alternatively, 
the aromatic hydrocarbons may be removed upon completion of the first stage by addition of an insoluble or hardly 
soluble inert hydrocarbon liquid such as an aliphatic or alicyclic hydrocarbon solvent including pentane, hexane, de- 
cane, dodecanc and cyclohexane which allows the reaction product to precipitate and thereafter replaced with any of 
the aforesaid inert hydrocarbon solvents. The contacting operation may be carried out more than twice. 

The amount of Component (A) is usually below 5 millimols, preferably in the range of 0.0001 - 5 miliimols, more 
preferably 0.001 - 0.5 millimols, most preferably 0.01 - 0.1 millimol per gram of Component (F), if the latter is used. 

According to another embodiment of the invention, the carrier (F) is contacted with Catalyst Component (II), more 
specifically, Components (C) and (D), or Component (C) alone, or Component (E) alone, and preferably further with a 
reaction product of Components (A) and (B). 

The sequence of contacting (F) with (II) is not particularly restrictive, but may be for purposes of illustration as 
follows: 



4. Reaction product of (C) and (D) is contacted with (F) 

5. Reaction product of (D) and (F) is contacted with (C) 

6. Reaction product of (F) and (C) is contacted with (D) 

7. (E) is supported on (F) 

8. (C) is contacted with (F). 

Sequences 4 and 5 are preferred. 

Component (C), Components (C) and (D), or Component (E) each are contacted with Component (F) in the pres- 
ence of nitrogen, argon and other inert gas, or an inert liquid hydrocarbon solvent such as an aromatic hydrocarbon 
including benzene, toluene, xylene and ethylbenzene and an aliphatic or alicyclic hydrocarbon including heptane, hex- 
ane, decane, dodecane and cyclohexane, with or without stirring at a temperature of from -100° to 200°C, preferably 
from -50° to 150°C, for a period of from 5 minutes to 250 hours, preferably from 30 minutes to 24 hours. This contact 
operation is conducted preferably with use of such aromatic hydrocarbons (i.e. benzene, toluene, xylene and ethyl- 
benzene) in which Components (C) and (D) are more readily soluble. If the contact operation is carried out through 
multi-stages, the components may be contacted together throughout the stages without having to remove the aromatic 
hydrocarbon solvent used in the first stage. Alternatively, the aromatic hydrocarbons may be removed upon completion 
of the first stage by addition of an insoluble or hardly soluble inert hydrocarbon liquid such as an aliphatic or alicyclic 
hydrocarbon solvent including pentane, hexane, decane, dodecane and cyclohexane which allows the reaction product 
to precipitate and thereafter replaced with any of the aforesaid inert hydrocarbon solvents. The contacting operation 
may be carried out more than twice. 

When contacting each Compound (C), Components (C) and (D), or Component (E) with Component (F), the amount 
of addition of either Component (C) or (E) is in the range of usually 0.0001-5 millimols, preferably 0.001-0.5 millimols, 
more preferably 0.01-0.1 millimol. 

The order in which Catalysts Components (I) and (II) and Carrier (F) are contacted together is exemplified as 
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follows: 

9. Reaction product of (I) and (II) is contacted with (F) 

10. Reaction product of (II) and (F) is contacted with (I) 
s 11 . Reaction product of (F) and (I) is contacted with (II) 

Contact order 10 above is particularly preferred for better results. 

When contacting (I), (II) and (F) together, the amount of addition of each of (A) in (I) and (C) or (E) in (II) is in the 
range of usually 0.00005 - 2.5 millimols, preferably 0.0005 - 0.25 millimol, more preferably 0.005 - 0.05 millimol per 
io gram of (F). 

The contacting operation, which may be repeated as many times as desired, may be carried out in the presence 
of nitrogen, argon and other inert gas, or an inert liquid hydrocarbon solvent such as an aromatic hydrocarbon including 
benzene, toluene, xylene and ethylbenzene and an aliphatic or alicyclic hydrocarbon including heptane, hexane, de- 
cane, dodecane and cyclohexane, with or without stirring at a temperature of from -100°C to 200°C, preferably from 
75 -50° to 1 50°C, for a period of from 5 minutes to 250 hours, preferably from 30 minutes to 24 hours. 

This operation is conducted preferably with use of such aromatic hydrocarbons (i.e. benzene, toluene, xylene and 
ethylbenzehe) in which Catalyst Components (I) and (II) are more readily soluble. 

When the contacting reaction is carried out in stages, the soluble aromatic hydrocarbon solvent used in the pre- 
ceding stage may be further effectively used in the next stage. Alternatively, such an inert liquid hydrocarbon (i.e. 
20 pentehe, hexane, decane and cyclohexane) in which certain components are insoluble or hardly soluble may be added 
and used in the latter stage wherein the reaction product remains in solid phase. 

Catalyst Components (I) and (II) according to the invention may be fed to the polymerization system separately 
or after being initially contacted together at a temperature in the range of usually from -100° to 200°C, preferably from 
50° to 150*C for a time length of from 1 minutes to 250 hours, preferably from 5 minutes to 24 hours, regardless of 
25 whether cither or both of the components (I) and (II) arc solid or liquid. 

There may be used some additional components in the preparation of the inventive catalysts such as hydrocarbon 
halide compound, hydrocarbon-including oxygen halide compound and halogen carbon compound having C-X bond 
(X:halogen such as fluorine) as well as borane and borate. 

The mixing ratio of catalyst component (I) to catalyst component (II) is preferably such that the amount of the 
30 transition metal compound in (II) is held in the range of 0.01 - 100 mols. preferably 0.1 - 10 mols per mol of component 
(A) in (I). 

The inventive catalysts may be applied to slurry, solution and vapor polymerization processes, of which vapor- 
phase process is preferred. Slurry or solution polymerization may be conducted in the presence of solvents such as 
alicyclic hydrocarbons including cyclohexane and methylcyclohexane, aromatic hydrocarbons including benzene, tol- 
as uenenand xylene, or aliphatic hydrocarbons including hexane and heptane. The reaction is conducted in a substantially 
oxygen-free, moisture-free environment at temperatures of from 20° to 200°C, preferably 50° to 100°C, at pressures 
of from atmospheric to 70 kg/cm 2 G, preferably atmospheric to 20 kg/cm 2 G and for timeiengths of from 5 minutes to 
20 hours, preferably 30 minutes to 10 hours. 

The term olefins as used herein embraces alpha-olefins, cyclic olefins, dienes and trienes. 
-to Eligible a-olefins are such having a carbon number of 2 to 12, preferably 2 to 8, and chosen from ethylene, pro- 

pylene, butene-1 , hexene-1 , 4-methylpentene-1 and the like. They may be homopolymerized or copolymerized as by 
a process mode of alternating, random or block copolymerization. Exemplified as a-olefin copolymers are those of 
ethylene with an a-olefin comonomer of a carbon number of 3 to 12, preferably 3 to 8, such as ethylene-propylene, 
ethylene-butene-1 , ethylene hexene-1 or ethylene-4-methylpentene-1, or of propylene with an a-oletin comonomer of 
45 a carbon number of 3 to 1 2, preferably 3 to 8, such as propylene-butene-1 , propylene-4-methypentene-1 , propylene- 
4-methylbutene-1 , propylene-hexene-1 or propylene-octene-1 . In either copolymer, the content of the comonomer may 
be less than 90% by mol of the total monomer. Generally, ethylene-based copolymers have a comonomer content of 
not more than 40%, preferably smaller than 30%, more preferably below 20%, whereas propylene-based copolymers 
have a similar content in the range of 1 to 90%, preferably 5 to 90%, more preferably 10 to 70%, each such percentage 
50 being by mol of the total monomer. 

Suitable cyclic olefins include those having a carbon number of 3 to 24, preferably 3 to 18. such as cyclopentene, 
cyclobutene, cyclohexene, 3-methylcyclohexene, cyclooctene, cyclodecene, cyclododecene, tetracyclodecene, octa- 
cyclodecenc, dicyclopentadiene, norbornenc. 5-methyl-2-norbornene, 5-ethyl-2-norbomcne, 5-isobutyl-2-norbornenc, 
5,5-dimethyl-2-norbonene, 5,5,6-trimethyl-2-norbornene and ethylidene-norbornene. They may be copolymerized usu- 
55 ally with the above a-olefins, in which instance the content of the cyclic olefin in the resulting copolymer is in the range 
of 1 to 50% by mol, preferably 2 to 50% by mol. 

Suitable dienes and trienes are polyenes of a carbon number of 4 to 26, preferably 6 to 26. Examples include 
butadine, 1 ,3-pentadiene, 1 ,4-pentadiene, 1 ,3-hexadiene, 1 ,4-hexadiene, 1 ,5-hexadiene, 1 .3-cyclohexadiene. 1,4-cy- 
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clohexadiene, 1 ,9-decadiene, 1 ,3-tetradecadiene, 2,6-dimethyl-1 ,5-heptadiene. 2-methyl-2,7-octadiene. 2,7-dimethyl- 
2.6-octadiene. 2 : 3-diemthylbutadiene, ethylidene norbornene, dicyclopentadiene, isoprene, 1 .3.7-octatriene and 
1 ,5.9-decatriene. Chain dienes or trienes may be copolymerized usually with the above a-olefins and contained in the 
resultant copolymer usually in an amount of 0.1 to 50% by mol. preferably 0.2 to 10% by mol. 
5 There may be added in the polymerization reaction system certain scavengers for removing moisture and other 

impurities, such scavengers exemplarily including trimethylaluminum, triethylaluminum, triisobutylaluminum, the afore- 
mentioned modified organoaluminum compound, and a modified organoaluminum having a branched-alkyl group. 

The polymerization process of the invention is characterized by controlling the molecular weight of the resultant 
polymer by means distinct from what is known in the art, but this is meant in no way to exclude the conventional method 
10 in which such molecular weight control is effected by adjusting the polymerization reactions such as temperature, 
pressure, catalyst quantity, hydrogen partial pressure and other parameters. The inventive process can be applied to 
multi-stage polymerization involving different reaction conditions. 

The invention will be further described by way of the following examples. 

The melt flow rate (MFR) and the number-average molecular weight (Mn) of each of the polymers obtained in the 
? 5 respective Examples were determined by the following methods. 

MFR measurement 

The method of ASTM D1238-57T was followed in which the test was conducted at 190°C with a load of 2.15 kg. 
20 Adjustment of MFR was taken as an index of Ihe molecular weight of the polymer. 

Mn measurement 

This was determined by a gel permeation chromatography (Waters Co. Product Model 150-C) with use of an ortho- 
25 dichlorobenzenc at 1 35°C. 

Inventive Example 1 

1 . Preparation of Catalyst (I) 

A 500 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
with 6.0 x 10- 3 mols bis-cyclopentadienyl-dimethoxy zirconium and 200 ml toluene solution of methylaluminoxane (3.0 
mmols Al/ml, manufactured by Sherring Co., Ltd.). The admixture was allowed to react at room temperature for one 
hour. 

2. Preparation of Catalyst (II) 



30 



35 



A 1 00 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
with 6 mmols cobalt octoate and 1 8 ml (1 8 mmols) hexane solution of triethyl aluminum (1.0 mmol Al/ml). The admixture 
40 was stirred at room temperature and atmospheric for 2 hours. 

3. Polymerization 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and charged with 200 grams 
45 ocean sand which had been washed with acid and treated at 300°C. The autoclave was allowed to dry fully at 80°C 
in vacuum, followed by a charge of 2 ml catalyst (I) and then 0.03 ml catalyst (II). Polymerization was effected with a 
continuous supply of a mixture gas of ethylene and 1 -butene (at butene/ethylene ratio of 0,2) at 80°C for 2 hours with 
a total pressure maintained at 9 kgf/crr^-G. Catalytic activity was 1 41 kg/g.Zr. MFR was 1 .6 g/1 0 min. Mn was 63 : 600. 

50 Inventive Example 2 

The procedure of Inventive Example 1 was followed except that the amount of catalyst (II) was 0.06 ml. 

Catalytic activity: 138 kg/g.Zr 
55 MFR: 1.0 g/10 min. 

Mn : 69,200 
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Comparative Example 1 

The procedure of Inventive Example 1 was followed except that the catalyst (II) was not used. 

5 Catalytic activity: 1 33 kg/g.Zr 

MFR: 2.8 g/10 min. 
Mn : 53,500 

Inventive Example 3 

70 

1 . Preparation of Solid Catalyst (I) 

A 500 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
with 6.0 x 10- 3 mols biscyclopentadienyl zirconium dichloride and 200 ml toluene solution of methylaluminoxane (3.0 
15 mmols Al/ml of Sherring Co., Ltd.). The admixture was reacted at room temperature with stirring for one hour thereby 
providing a catalyst solution. 

A one-liter three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 
in nitrogen. atmosphere with 150 grams silica (#952 of Fuji-Davison) which had been calcined at 500°C for 7 hours. 
The flask was allowed to dry at 150°C in vacuum for one hour. Thereafter, the flask was cooled to room temperature 
20 and charged with the above cataiysl solution to effect reaction at room temperature for one hour. The reaction mixture 
was heated to 40° C to provide a slurry. This slurry was dried in vacuum for 50 minutes to remove the solvent thereby 
providing 201 grams solid catalyst with good flowability. 

2. Preparation of Catalyst (II) 

25 

A 1 00 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
with 6 mmols bis-cyclopentadienyl titanium dichloride and 12 ml (12 mmols) hexane solution of triisobutyl aluminum 
(1.0 mmol Al/ml). The admixture was reacted with stirring at room temperature and atmospheric for 2 hours. 

30 3. Polymerization 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and heated to 75°C, followed by 
addition of 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. 0.03 
ml catalyst (II) was added, followed by charging a mixture of ethylene and butene-1 (0.15 butene-1/ethylene mol ratio) 
35 up to a total pressure of 8 kgf/cm 2 -G. 100 mg (Zr=0.27 mg) solid catalyst (I) was fed to initiate polymerization. Ethylene/ 
butene-1 gas (0.05 mol ratio butene-1/ethylene) was continuously supplied to continue the reaction under a total pres- 
sure maintained at 9 kgf/cm 2 -G for 2 hours. Upon completion of the reaction, excess gas was removed and the system 
was cooled to provide 43 grams white polymer. fV ^ 

40 Catalytic activity: 158 kg/g.Zr 

MFR: 1.2 g/10 min. 
Mn : 67,200 

Comparative Example 2 

4S 

The procedure of Inventive Example 3 was followed except that the amount of solid catalyst (I) was 11 1 mg (Zr=0.30 
mg) and that catalyst (II) was not used. Upon completion of the reaction, the system was cleared of excess gas and 
cooled to provide 50 grams while polymer. 

50 Catalytic activity: 152 kg/g.Zr 

MFR: 2.6 g/10 min. 
Mn: 55,100 . 

Inventive Example 4 

55 

1 . Preparation of Solid Catalyst (I) 

A 500 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
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with 6.0 x 10" 3 mols bis-cyclopentadienyl zirconium dimethyl and 200 ml toluene solution of methylaluminoxane (3.0 
mmols Al/ml of Sherring Co.. Ltd.). The admixture was reacted at room temperature with stirring for one hour thereby 
providing a catalyst solution. 

A one-liter three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 
in nitrogen atmosphere with 150 grams silica (#952 of Fuji-Davison) which had been calcined at 500°C for 7 hours. 
The Mask was allowed to dry at 150°C in vacuum for one hour. Thereafter, the flask was cooled to room temperature 
and charged with the above catalyst solution to effect reaction at room temperature for one hour. The reaction mixture 
was heated to 40°C to provide a slurry. This slurry was dried in vacuum for 50 minutes to remove the solvent thereby 
providing 199 grams solid catalyst. 

2. Preparation of Catalyst (II) 

A 1 00 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
with 6 mmols tetraisopropyl-ortho-titanate and 20 ml (20 mmols) hexane solution of triisobutyl aluminum (1.0 mmol Al/ 
ml). The admixture was reacted with stirring at room temperature and atmospheric for 2 hours. 

3. Polymerization 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and heated to 75°C, followed by 
addition of 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. 105 
mg (Zr=0.29 mg) solid catalyst (I) was added, followed by charging 0.03 ml catalyst (II) together with a mixture of 
ethylene and butene-1 (0. 1 5 mol ratio butene-1 /ethylene) up to a total pressure of 9 kgf/cm 2 -G to initiate polymerization. 
Ethylene/butene-1 gas (0.05 mol ratio butene-1/ethylene) was continuously supplied to continue the reaction under a 
total pressure maintained at 9 kgf/cm 2 -G for 2 hours. Upon completion of the reaction, excess gas was removed and 
tho system was cooled to provide 37 grams white polymer. 

Catalytic activity: 128 kg/g.Zr 
MFR: 0.31 g/10 min. 
Mn : 92,600 

Comparative Example 3 

The procedure of Inventive Example 4 was followed except that the amount of solid catalyst (I) was 95 mg (2r=0.26 
mg) and that catalyst (II) was not used. There was obtained 37 grams white polymer. 

Catalytic activity: 142 kg/g.Zr 
MFR: 1.8 g/10 min. 
Mn : 62,100 

Inventive Example 5 

1 . Preparation of Solid Catalyst (I) 

A 500 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
with 6.0 x 10- 3 mols ethylene-bis-indenyt zirconium dichloride and 200 ml toluene solution of methylaluminoxane (3.0 
mmols Al/ml of Sherring Co., Ltd.). The admixture was reacted at room temperature with stirring for one hour thereby 
providing a catalyst solution. 

A one-liter three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 
in nitrogen atmosphere with 150 grams silica (#952 of Fuji-Davison) which had been calcined at 500°C for 7 hours. 
The flask was allowed to dry at 150°C in vacuum for one hour. Thereafter, the flask was cooled to room temperature 
and charged with the above catalyst solution to effect reaction at room temperature for one hour. The reaction mixture 
was heated to 40°C to provide a slurry. This slurry was dried in vacuum for 60 minutes to remove the solvent thereby 
providing 190 grams solid catalyst. 

2. Preparation of Catalyst (II) 

A 1 00 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
with 6 mmols tetraisopropyl ortho-tit ana te and 20 ml (20 mmols) hexane solution of triethyl aluminum (1.0 mmol Al/ 
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ml). The admixture was reacted with stirring at room temperature and atmospheric for 2 hours. 
3. Polymerization 

s A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and heated to 75°C, followed by 

addition of 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. 105 
mg (Zr=0.29 mg) solid catalyst was fed, followed by charging 0.03 ml catalyst (II) together with a mixture of ethylene 
and butene-1 (0.15 butene-1 /ethylene mol ratio) up to a total pressure of 9 kgf/cm 2 -G to initiate polymerization. Ethylene/ 
butene-1 gas (0.05 mol ratio butene-1 /ethylene) was continuously supplied to continue the reaction under a total pres- 

jo sure maintained at 9 kgf/cm 2 .G for 2 hours. Upon completion of the reaction, excess gas was removed and the system 
was cooled to provide 40 grams white polymer. 

Catalytic activity: 1 38 kg/g.Zr 
MFR. 0.67 g/10 min. 
is Mn : 79,700 

Comparative Example 4 

The procedure of Inventive Example 5 was followed except that the amount of solid catalyst (I) was 98 mg (Zr=0.26 
20 mg) and that catalyst (II) was not used. There was obtained 35 grams while polymer. 

Catalytic activity: 133 kg/g.Zr 
MFR: 1.1 g/10 min. 
Mn : 68,100 

Inventive Example 6 

1. Preparation of Solid Catalyst (I) 

30 A 500 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 

with 6.0 x 10 3 mols bis-cyclopentadienyl zirconium dichloride and 200 ml toluene solution of methylaluminoxane (3.0 
mmols Al/ml of Sherring Co.. Ltd.). The admixture was reacted at room temperature with stirring for one hour thereby 
providing a catalyst solution. 

A one-liter three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 

35 in nitrogen atmosphere with 150 grams fully dry styrene/divinyl benzene copolymer beads (manufactured by Organo 
Co., Ltd.). The flask was allowed to dry at 90°C in vacuum for one hour. Thereafter, the flask was cooled to room 
temperature and charged with the above catalyst solution to effect reaction at room temperature for one hour. The 
reaction mixture was heated to40°C to provide a slurry. This slurry was dried in vacuum for 60 minutes to.remove the 
solvent thereby providing 201 grams solid catalyst with good flowability. 

40 

2. Preparation of Catalyst (II) 

A 1 00 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
with 6 mmols bis-cyclopentadienyl titaniumdichloride and 12 ml (12 mmols) hexane solution of tnethyl aluminum (1.0 
•ts mmol Al/ml). The admixture was reacted with stirring at room temperature and atmospheric for 2 hours. 

3. Polymerization 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and heated to 75°C, followed by 
so addition of 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. 107 
mg (Zr-0,29 mg) solid catalyst (I) was added, followed by charging 0.03 ml catalyst (II) together with a mixture of 
ethylene and butene-1 (0.15 mol ratio butene-1 /ethylene) up to a total pressure of 9 kgf/cm 2 G to initiate polymerization. 
Ethylcnc/butcnc-1 gas (0.05 mol ratio butcne-1 /ethylene) was continuously supplied to continue the reaction under a 
total pressure maintained at 9 kgf/cm 2 -G for 2 hours. Upon completion of the reaction, excess gas was removed and 
55 the system was cooled to provide 35 grams white polymer. 

Catalytic activity: 121 kg/g.Zr 
MFR: 1.4 g/10 min. 
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V 



Mn : 65,000 
Comparative Example 5 

5 The procedure of Inventive Example 6 was followed except that the amount of solid catalyst (I) was 1 02 mg (Zr=0.28 

mg) and that catalyst (II) was not used. There was obtained 37 grams white polymer. 

Catalytic activity: 133 kg/g.Zr 
MFR: 2.5g/10min. 
io Mn : 56,700 

Inventive Example 7 

1. Preparation of Solid Catalyst (I) 

75 

The procedure of Inventive Example 3 was followed. 

2. Preparation of Catalyst (II) 

20 The procedure of Inventive Example 3 was followed. 

3. Polymerization 



25 



30 



A stirrer equipped stainless steel autoclave for vapor phase polymerization was connected with a loop made up 
of a blower, a flow controller and a dry cyclon and adjusted in temperature at 60°C with water supplied to its jacket. 
The autoclave was charged with solid catalyst (I) at a rate of 100 mg/hr, catalyst (II) at a rate of 0.03 ml/hr and a mixture 
of butene-1/ethylene at a mol ratio adjusted to be 0.25 in the vapor phase. The polymerization raction was continued 
for 10 hours at a total pressure of 8 kgf/cm 2 -G with the system gases being circulated by the blower, while the resultant 
polymer was intermittently withdrawn. 

Catalytic activity: 72 kg/g.Zr 
MFR: 0.61 g/10 min. 
Mn : 80,200 

3$ Comparative Example 6 

The procedure of Inventive Example 7 was followed except that catalyst (II) was not used. 

Catalytic activity: 75 kg/g.Zr 
to MFR: 1.6 g/10 min. 

Mn : 63,800 

Inventive Example 8 

45 1 . Preparation of Solid Catalyst (I) 

The procedure of Inventive Example 1 was followed. 

2. Preparation of Catalyst (II) 
The procedure of Inventive Example 1 was followed. 

3. Polymerization 



so 



55 



A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and charged with one liter refined 
toluene and 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. 2 
ml catalyst solution (I) and 0.03 ml of catalyst (II) were added, followed by a continuous charge of a mixture of ethylene 
and butene-1 (0.2 butene-1 /ethylene mol ratio) up to a total pressure of 9 kgf/cm2.G at 80°C at which the reaction was 
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continued for 2 hours. 

Catalytic activity: 258 kg/g.Zr 
MFR: 0.02 g/10 min. 
5 Mn : 112,000 

Inventive Example 9 

The procedure of Inventive Example 8 was followed except that the amount of catalyst (II) was charged to 0.06 ml. 

JO 

Catalytic activity: 251 kg/g.Zr 
MFR: 0.01 g/10 min. 
Mn : 113,800 

15 Comparative Example 7 

The procedure of Inventive Example 8 was followed except that catalyst (II) was not used. 

Catalytic activity: 265 kg/g.Zr 
20 MFR: 0.05 g/10 min. 

Mn : 104,600 

Inventive Example 10 

25 1. Preparation of Solid Catalyst (I) 

The procedure of Inventive Example 1 was followed. 

2. Polymerization 

30 

There was used a 3-litter, stirrer equipped stainless steel autoclave provided at its bottom with a honeycomb 
alumina carrying 0.02 mmol Raney-nickel. 

The autoclave was purged with nitrogen and heated to 75°C, followed by addition of 0.3 ml toluene dilute solution 
of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. 103 mg (Zr=0.29 mg) solid catalyst (I) was 
35 fed followed by continuously charging a mixture of ethylene and butene-1 (0.15 butene-1 /ethylene mol ratio) up to a 
total pressure of 9 kgf/cm 2 G to initiate polymerization. The reaction was continued for 2 hours with a continuous charge 
of a mixture of ethylene and butene-1 (0.05 butene-1 /ethylene mol ratio) under a total pressure maintained at 9 kgf/ 
cm 2 -G. Upon completion of the reaction, excess gas was removed and the system was cooled to provide 38 grams 
polymer. 

40 

Catalytic activity: 1 31 kg/g.Zr 
MFR: 0.97 g/10 min. 
Mn : 71,100 

4S Inventive Example 11 

1 . Preparation of Catalyst 

1) Preparation of Catalyst (I) 

50 

A 500 ml three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 
in nitrogen atmosphere with 3.0 x 10* 3 mols biscyclopentadienylzirconiumdichloride and 100 ml toluene dilute solution 
of methyfaluminoxane (3.0 mmols Al/ml, manufactured by Shcrring Co., Ltd.). The admixture was reacted at room 
temperature with stirring for one hour 

55 

2) Preparation of Catalyst (II) 

A 1 00 ml three-necked flask equipped with an electromagnetic induction stirrer was charged in nitrogen atmosphere 
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with 15 mmols cyclopentadienyltitaniumdichloride and 30 ml (30 mmols) hexane solution of triisobutylaluminum (1.0 
mmol Al/ml). The admixture was stirred at room temperature and atmospheric pressure for 2 hours. 

The catalyst (I) was added with 22 mml of the catalyst (II) at room temperature and atmospheric pressure for two 
hours to provide a solution. A 1 -liter three-necked flask equipped with an electromagnetic induction stirrer and a cooling 
s tube was charged in nitrogen atmosphere with 150 grams silica (No. 952 of Fuji Davison) which had been calcined at 
500°C for 7 hours, and heated up to 1 50°C, followed by vacuum-dry for one hour. 

Whereupon, the flask was cooled down to room temperature and charged with the above solution followed by 
reaction at room temperature. 

The flask was heated up to 40°C to provide a slurry. The slurry was dried in vacuum to remove the solvent for 60 
to minutes, thereby obtaining 208 grams of fluidized solid catalyst. 

2. Polymerization 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and heated up to 75°C, followed 
15 by addition of a 0.03 ml toluene dilute solution of triethylaluminium (1 mmol/ml) for scavenging. A mix of ethylene and 
butene-1 gases (butene-1 /ethylene molar ration of 0.15) was charged to bring the reactor pressure up to 8 kgf/cm 2 G, 
followed by addition of 106 mg of the above catalyst (2r=0.l4 mg), whereupon polymerization reaction was initiated 
and continued for 2 hours with continued charge of a mixed gas of ethylene and butene-1 (butene-1 /ethylene molar 
ratio of 0.05) to maintain the reaction system at 9 kgf/cm 2 G. 
20 Upon completion of Ihe reaction, excess gas was removed from the reactor which was then cooled to provide 24.0 

grains of white polymer. 

Catalytic activity: 174 kg/g.Zr 
MFR: 1.1 g/10 min. 
25 Mn: 68.100 

Comparative Example 8 

The procedure of Inventive Example 11 was followed except for the use of 110 grams of the catalyst (Zr=0.15 mg) 
30 devoid of the catalyst (II), thereby obtaining 25 grams white polymer. 

Catalytic activity: 167 kg/g.Zr 
MFR: 2.3 g/10 min. 
Mn : 57,800 

35 

Inventive Example 12 

1 . Preparation of Catalyst 

to i ) Preparation of Catalyst (I) 

A 500 ml three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 
in nitrogen atmosphere with 3.0 x 1 0' 3 mols biscyclopentadienylzirconiumdimethyl and 1 00 ml toluene solution of meth- 
ylaluminoxane (3.0 mmols Al/ml of Sherring Co., Ltd.). The admixture was reacted at room temperature with stirring 
45 for one hour thereby providing a catalyst solution. 

2) Preparation of Catalyst (II) 

A 500 ml three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 
50 in nitrogen atmosphere with 30 mmols tetraisopropyl ortho-titanate and 100 ml (100 mmols) hexane solution of tri- 
isobutyl aluminium (1 .0 mmol Al/ml). The admixture was stirred at room temperature and atmospheric pressure for 2 
hours. 

A 1 -liter thrcc-ncckcd flask with an eletromagnetic induction stirrer and a cooling tube was charged in nitrogen 
atmosphere with 1 50 grams silica (No. 952 of Fuji Davison) which had been clacined at 500°C for 7 hours, and heated 
55 up to 1 50° C, followed by vacuum-dry for one hour. 

Whereupon, the flask was cooled down to room temperature and charged with 22 ml catalyst II and 100 ml refined 
toluene. The admixture was reacted at room temperature for one hour, followed by addition of total catalyst I. The 
resulting admixture was reacted at room temperature with stirring for one hour 
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The flask was heated up to 40°C to provide a slurry. The slurry was dried in vacuum to remove the solvent for 60 
minutes, thereby obtaining 205 grams of fluidized solid catalyst. 

2. Polymerization 

5 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and heated to 75°C, followed by 
addition of 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. A 
mixture of ethylene and butene-1 (0.15 butene-1/ethylene mol ratio) was charged to bring a total pressure up to 9 kgf/ 
cm 2 -G. 97 mg (Zr=0.1 3 mg) of the above solid catalyst was fed to initiate polymerization. Ethylene/butene-1 gas (0.05 
io mol ratio butene-1 /ethylene) was continuously supplied to continue the reaction under a total pressure maintained at 
9 kgf/cm 2 -G for 2 hours. Upon completion of the reaction, excess gas was removed and the system was cooled to 
provide 20 grams white polymer. 

Catalytic activity: 153 kg/g.Zr 
15 MFR: 0.25 g/10 min. 

Mn : 93,500 

Comparative Example 9 

20 The procedure of Inventive Example 12 was followed except for the use of 103 mg of the catalyst (Zr=0.14 mg) 

devoid of the catalyst II, thereby obtaining 22 grams white polymer. 

Catalytic activity: 156 kg/g.Zr 
MFR: 1.6 g/10 min. 
25 Mn : 63,700 

Inventive Example 13 

1 . Preparation of Catalyst 

30 

1) Preparation of Catalyst (I) 

A 500 ml three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 
in nitrogen atmosphere with 3.0 x 10" 3 mols ethylenebisindenylzirocniumdichloride and 100 ml toluene solution of 
35 methylaluminoxane (3.0 mmols Al/ml of Sherring Co., Ltd.). The admixture was reacted at room temperature with 
stirring for one hour thereby providing a catalyst solution. 

2) Preparation of Catalyst (II) 

40 A 500 ml three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 

in nitrogen atmosphere with 30 mmols tetraisopropyl ortho-titanate and 100 ml (100 mmols) hexane solution of triethyl 
aluminium (1.0 mmol Al/ml). The admixture was stirred at room temperature and atmospheric pressure for 2 hours. 

A 1 -liter three-necked flask with an eletromagnetic induction stirrer and a cooling was charged in nitrogen atmos- 
phere with 150 grams silica (No. 952 of Fuji Davison) which had been calacined at 500°C for 7 hours, and heated up 
45 to 150°C, followed by drying in vacuum for one hour. 

Whereupon, the flask was cooled down to room temperature and charged with 22 ml catalyst II and 100 ml refined 
toluene. The admixture was reacted at room temperature for one hour, followed by addition of total catalyst I. The 
resulting admixture was reacted at room temperature with stirring for one hour. 

The flask was heated up to 40°C to provide a slurry. The slurry was dried in vacuum to remove the solvent for 60 
50 minutes, thereby obtaining 208 grams of fluidized solid catalyst. 

2. Polymerization 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and heated to 75° C, followed by 
55 addition of 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. A 
mixture of ethylene and butene-1 (0.15 butene-1/ethylene mol ratio) was charged to bring a total pressure up to 9 kgf/ 
. cm 2 -G. 97 mg (Zr=0.13 mg) solid catalyst was fed to initiate polymerization. Ethylene/butene-1 gas (0.05 mol ratio 
butene-1 /ethylene) was continuously supplied to continue the reaction under a total pressure maintained at 9 kgf/cm 2 -G 
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for 2 hours. Upon completion of the reaction, excess gas was removed and the system was cooled to provide 22 qrams 
white polymer. 

Catalytic activity: 166 kg/g.Zr 
MFR: 0.53 g/10 min. 
Mn : 82,100 

Comparative Example 10 

The procedure of Inventive Example 13 was followed except for the use of 101 mg catalyst (Zr=0,14 mg) (devoid 
of the catalyst II), thereby obtaining 22 grams white polymer. 



Catalytic activity: 146 kg/g.Zr 
MFR: 1.0 g/10 min. 
>5 Mn : 68,000 



Inventive Example 14 
1. Preparation of Catalyst 
1 ) Preparation of Catalyst (I) 



A 500 ml three-necked flask equipped with an electromagnetic induction stirrer and a cooling tube was charged 
in nitrogen atmosphere with 3.0 x 10-3 mols biscyclopentadienylzirconiumdichloride and 100 ml toluene dilute solution 
of mcthylaluminoxanc (3.0 mmols A l/ml, manufactured by Sherring Co., Ltd.). The admixture was reacted at room 
temperature with stirring for one hour. 



2) Preparation of Catalyst (II) 



A 500 ml three-necked flask equipped with an electromagnelic induction stirrer was charged in nitrogen atmosphere 
with 100 ml refined toluene. 30 mmols biscyclopentadienyltitaniumdichloride and 60 ml (60 mmols) hexane solution of 
triethylaluminum (1.0 mmol Al/ml). The admixture was stirred at room temperature and atmospheric pressure for 2 
hours. 

A 1 -liter three-necked flask with an electromagnetic induction stirrer and a cooling tube was charged in nitrogen 
atmosphere with 150 grams fully dry styrene/divinyl benzene copolymer beads (manufactured by Organo Co Ltd ) 
The flask was allowed to dry at 90°C in vacuum for one hour. 

Whereupon, the flask was cooled down to room temperature and charged with 22 ml catalyst II. The admixture 
was reacted at room temperature for one hour, followed by addition of total catalyst I. The resulting admixture was 
reacted at room temperature with stirring for one hour. 

The flask was heated up to 40°C to provide a slurry. The slurry was dried in vacuum to remove the solvent for 60 
minutes, thereby obtaining 198 grams of fluidized solid catalyst. 

2. Polymerization 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and heated to 75°C, followed by 
addition of 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system A 
mixture of ethylene and butane-1 (0.15 butene-1/ethylene mol ratio) was charged to bring a total pressure up to 9 kgf/ 
cm2.G. 110 mg (Zr=0.15 mg) solid catalyst was fed to initiate polymerization. Ethylene/butene-1 gas (0.05 mol ratio 
butene- 1 /ethylene) was continuously supplied to continue the reaction under a total pressure maintained at 9 kgf/cm 2 -G 
for 2 hours. Upon completion of the reaction, excess gas was removed and the system was cooled to provide 22 grams 
white polymer. 

Catalytic activity: 145 kg/g.Zr 
MFR: 1.1 g/10 min. 
55 Mn: 68,200 
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Comparative Example 11 

The procedure of Inventive Example 14 was followed except for the use of 103 mg catalyst (Zr=0.14 mg) (devoid 
of the catalyst II), thereby obtaining 20 grams white polymer. 

5 

Catalytic activity: 146 kg/g.Zr 
MFR: 2.2 g/10 min. 
Mn : 58,300 

?0 Inventive Example 15 



15 



30 



1 . Preparation of Solid Catalyst 

The procedure of Inventive Example 11 was followed. 

2. Polymerization 



A stirrer equipped stainless steel autoclave for vapor phase polymerization was connected with a loop made up 
of a blower, a flow controller and a dry cyclon and adjusted in temperature at 60° C with water supplied to its jacket. 
20 The autoclave was charged with solid catalyst at a rate of 100 mg/hr and a mixture of butene-1/elhylene at a mol ratio 
adjusted to be 0.25 in the vapor phase. The polymerization reaction was continued for 10 hours at a total pressure of 
8 kgf/cm 2 -G with the system gases being circulated by the blower, while the resultant polymer was intermittently with- 
drawn. 

25 Catalytic activity: 86 kg/g.Zr 

MFR: 0.48 g/10 min. 
Mn : 83,800 



Comparative Example 12 

The procedure of Inventive Example 15 was followed except that catalyst (If) was not used. 



Catalytic activity: 83 kg/g.Zr 
MFR: 1.4 g/10 min. 
35 Mn : 65,200 

Inventive Example 16 

Preparation of Solid Catalyst 

40 

The procedure of Inventive Example 11 was followed. 



Polymerization 

45 A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and charged with one liter refined 

toluene and 0.3 ml toluene dilute solution of triethyl aluminum (1 mmol/ml) to scavenge the polymerization system. 10 
ml toluene dilute solution of the above catalyst (10 mg/ml) were added, followed by a continuous charge of a mixture 
of ethylene and 1-butene (0.2 1 -butene/ethylene mol ratio) up to a total pressure of 9 kgf/cm 2 G at 80°C at which the 
reaction was continued for 2 hours. 

50 

Catalytic activity: 378 kg/g.Zr 
MFR: 0.02 g/10 min. 
Mn : 111,500 

55 Comparative Example 13 

The procedure of Inventive Example 16 was followed except that catalyst (II) was not used. 
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Catalytic activity: 335 kg/g.Zr 
MFR: 0.04 g/10 min. 



5 Claims 

1 . A process for the production of polyolefins which comprises polymerizing or copolymerizing olefins in the presence 
of a catalyst composition which at least comprises: 

10 a catalyst component (I) resulting from mutual contact of sub-components (A) and (B), 

said sub-component (A) being of the formula 

75 R 1 p McV 4 _ p and/or R 1 2 MeV ' 

wherein Me 1 is a transition metal of the IVa Group in the Periodic Table, R 1 is either of cyclopentadienyl, 
substituted cyclopentadienyl, indenyl, substituted indenyl fluorenyl and substituted fluorenyl groups which 
may be bonded through a C 2 -C 18 hydrocarbon group and/or a silylene group, X 1 is a halogen atom, a 
hydrogen atom or a C r C 24 hydrocarbon group, p is an inlerger of 1<p<4, and X v is a C A -C 2Q alkylidene 
group, and 

said sub-component (B) being a modified organoaluminum compound having AI-O-AI bonds; and 
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a catalyst component (It) selected from the group of sub-components (C) and (E), 



said sub-component (C) being a transition metal elemental compound belonging to the IV-VIII Groups in 
the Periodic Table and selected specifically from the group consisting of oxides, halides, carbonates, ac- 
etates, alkoxides, acetylacelonates, metallocenes, hydrogen complexes, alkyf complexes, phosphine 
complexes, cyano complexes, pyridyl complexes and carbonyl complexes of said transition metal ele- 
30 mental compound, or a compound resulting from mutual contact of said transition metal elemental com- 

pound and a compound (D) of the formula 



Me'RWOR" ) n X' 7mn 

m v ' n z-m-n 

wherein R' and R" each are a C r C 24 hydrocarbon group, X' is a halogen or hydrogen atom, Me' is an 
element of the l-lll Groups in the Periodic Table, z is a valence of Me*, m and n are o<m<z and 0<n<z, 
respectively and 0<m+n<z; and 

said sub-component (E) being a transition metal of the IV-VIII Groups in the Periodic Table. 

2. A process according to claim 1 wherein said catalyst composition includes an inorganic compound and/or a par- 
ticulate polymer carrier which is contacted with at least either one of said catalyst components (I) and (II) and/or 
during the preparation of at least either one of said catalyst components (I) and (II ). 

45 3. A process according to claim 2 wherein said carrier is contacted with said catalyst component (I) during or after 
the preparation of the latter, said catalyst component (I) including a sub-component (A) in an amount of 0.0001 - 
5 millimols per grams of said carrier. 

4. A process according to claim 2 wherein said carrier is contacted with said catalyst component (II) during or after 
50 the preparation of the latter, said catalyst component (II) including a sub-component (C) or (E) in an amount of 

0.00005 - 2.5 millimols per gram of said carrier. 

5. A process according to claim 2 wherein said inorganic compound carrier is formed from a material of the group 
consisting of a carbonaceous material, a metal, a metal oxide, a metal chloride and a metal carbonate and a mixture 

55 thereof. 

6. A process according to claim 2 wherein said particulate polymer carrier is formed from a polymer selected from 
the group consisting of ethylene polymers, ethylene alpha-olefin copolymers, propylene polymers and copolymers, 
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poly-1 -butene. C?-C 2 polyolefins, polyester, polyamide, polyvinylchloride, polymethylacrylate. polymethylmethacr- 
ylate, polystyrene, polynorbornene, naturally occurring polymers and mixtures thereof and having an average 
particle size of 5 - 2.000 u.m. 

s 7. A process according to claim 2 wherein said carrier is pretreated with a compound selected from the group con- 
sisting of an organoaluminum compound including trimethylaluminum, triethylaluminum, triisobutylaluninum, tri-n- 
hexylaluminum, dimethylaluminum chloride, diethylaluminum chloride and diethylmonoethoxyaluminum, an Al-O- 
Al bond-containing organoaluminum compound and silane compound. 

io 8. A process according to claim 1 wherein said olefins include alpha-olefins, cyclic olefins, dienes and trienes. 

9. A process according to claim 1 which is carried out in an environment substantially free of oxygen and moisture 
at a temperature in the range of from 20* to 200°C, a pressure in the range of from atmospheric to 70 kg/cm 2 -G 
and for a time length in the range of from 5 minutes to 20 hours. 
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